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Abstracts 
The dynamics and relationships of algae and herbivores on the subtidal rock surface in A 
Ma Wan, A Ye Wan and Lung Lok Shui of Tung Ping Chau, Hong Kong, were 
investigated from October 02 to March 04. Spatial and temporal variations in algal and 
herbivore dynamics were observed in general monthly surveys over the sampling period. 
The mean percentage cover of non-turf algae in A Ye Wan (71%) and Lung Lok Shui 
(67%) were far more than that in A Ma Wan (26%). Algal composition in A Ye Wan was 
in between that found in A Ma Wan and Lung Lok Shui, in which Sargassum spp. (29%) 
and Lobophora variegata (3%) were the dominant non-turf algae in Lung Lok Shiu and A 
Ma Wan respectively. The density of herbivores in A Ma Wan (0.28 individual/lOOcm ) 
was significantly the least among the three study sites, and those in A Ye Wan (0.95 
individual/100cm2) and Lung Lok Shui (0.76 individual/100cm2) were relatively similar. 
Species diversity of herbivore in A Ye Wan was the lowest as the number of individuals 
was more unevenly distributed among the different herbivore species in this site. 
Herbivore composition in Lung Lok Shui were well separated from those in A Ma Wan 
and A Ye Wan. Anthocidaris crassispina and Chlorostoma rustica dominated in Lung Lok 
Shui, but Euplica scripta was most dominant in the other two sites. Such spatial variations 
might be a result of differences in wave exposures among these sites. 
The peaks of algal coverage were recorded in late autumn and winter that were the 
growing seasons of perennial algae. Algae recorded during summer were mostly those 
that exhibited better tolerance to adverse conditions, e.g. Lobophora variegata. Higher 
densities and more species of herbivores appeared in spring. This may be part of the 
reproductive cycles of these herbivorous species. 
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Significant positive correlations between the percentage cover of non-turf algae and 
herbivore densities were detected in A Ma Wan (Pearson Correlation, r = 0.65 to 0.76) 
with time-lags of two to three months. This indicated that algae could induce the increase 
in the densities of herbivores by offering refuges. This relationship differed in A Ye Wan 
in which significant negative correlations (r = -0.53 to 一0.53) were detected with 
one-month time lag. Specific relationships between algae and herbivores were assessed 
using Canonical Correlations. Significant canonical correlations between species of algae 
and herbivores were detected in A Ma Wan and Lung Lok Shui. In general, Lobophora 
variegata was the algal species that was most avoided by the herbivores and Padina 
australis and Padina arborescens were best preferred. 
The dynamics of algae and herbivores were further investigated in clearing and caging 
manipulative experiments in different seasons. The compositions of algae in the clearing 
control and partial cage treatments could not fully recover to become similar to that found 
in the unmanipulated control plots where turf algae and Lobophora variegata were the 
dominant algae. Lobophora variegata is the competitively superior alga that prevented the 
colonization of other algae. This also implied that it might take more than one year for any 
cleared plots to attain similar level of algal composition as that found in the control 
treatment. In contrast, the densities of herbivores were comparable and fluctuated with no 
distinct patterns among the control, clearing control and partial cage treatments in all 
set-ups over time. The complete cage treatment in all set-ups effectively excluded large 
grazers, e.g. Temnopleurus toreumaticus. In the absence of large herbivores, the complete 
cage treatment did provide a benign environment for algae to develop. The percentage 
cover of non-turf algae, the rate of recruitments after clearing and the number of algal 
species found at a particular succession stage in the complete cage treatments were far 
more than those found in the other two clearing treatments in all set-ups. 
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Turf algae were the common early colonizer in all plots after clearing. However, the 
colonization of later successional algae depended on the clearing time. Plots in the 
Autumn 02 and Winter 03 set-ups were cleared during the reproductive seasons of 
perennial algae. Hence, succession of perennial algae appeared in these two set-ups. 
Similar to the findings in the general surveys, herbivore density increased from March 03. 
Spring may be the recruitment period of common herbivores in the study area. 
Significant positive correlations between the percentage cover of algae and herbivore 
densities were detected in the Winter 03 and Spring 03 set-ups with time lag. This implied 
that algae and herbivores depended on each other and the intensity of this interdependence 
changed with seasons. Algae controlled the density of herbivores by offering food sources, 
refuges and nursery grounds to them. On the other hand, herbivores helped to disperse 
algal propagules and remove propagules or thalli of competitively superior algae, 
allowing other algae to recruit into the space that was opened up. 
Food preferences and feeding efficiency of herbivores were evaluated by incorporating 
algae into artificial food that was fed to the herbivores in the laboratory. The artificial food 
experiment indicated that the gastropod Euplica scripta is a generalist feeder that had no 
preferred selection for Hypnea charoides, Padina australis, Sargassum glaucescens and 
Ulva lactuca under the same experimental conditions. In contrast, hermit crabs and the 
sea urchin Temnopleurus toreumaticus preferred Ulva lactuca and avoided Sargassum 
glaucescens the most. These behaviors may be related to the adaptive abilities of each 
herbivore, such as adaptation against the chemical and structural defenses of algae. 
Euplica scripta and hermit crab were regarded as mesoherbivores. Their food 
consumption and feeding efficiency were far less than those of Temnopleurus 
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toreumaticus, as the latter is relatively larger in size (�54.1mm) when compared with 
Euplica scripta ( � 1 1 .Omm) and hermit crabs (�20.6mm). The amount of foods required by 
the latter was much greater than that of the smaller herbivores. However, no significant 
differences in the total consumption of the four selected algal species among the 
herbivores were detected if the analysis was based on a per body weight basis of the 
different herbivores. 
The results of this thesis research indicate that while large herbivores like sea urchin may 
play a disproportionately important role in affecting algal community dynamics and 
succession, the roles of smaller herbivores are less important. Furthermore, based on the 
spatial and temporal variations in the pattern of succession observed in the manipulative 
experiments, the dynamics of algae are more likely to be greatly affected by the 
availability of algal propagules in different seasons and localities. Those of the herbivores 
are controlled by the recruitment of individual species. Both algae and herbivores depend 
and interact with one another and the intensity of interdependence may be affected by 
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Algae have great influence to the marine ecosystem. They act as food sources to both 
vertebrates like fish and turtles, and invertebrates like molluscs, crabs and sea urchins. 
Grazers feed on algae by chewing or scraping algae from the substratum, using radula or 
specialized structure of their mouth (Chaparro et al.5 2002). Photosynthesis in algae is the 
first step of the grazing food chains in the marine environment. From photosynthesis, 
energy is transferred through the food chain to reach primary and secondary consumers. 
Since algae are fast growing organisms, they continuously provide food sources to the 
complex marine ecosystem. Furthermore, dead, algae, either as parts of the algal thalli 
broken off by storms or by grazers, enter the detrital food chain and may subsequently be 
decomposed (Sommer et al., 2002). 
On top of being the food sources, algae also provide great and complex structure for 
animals to hide from enemies, wave action and desiccation. Decorator crab Libinia dubia 
places Dictyota menstrualis on its back selectively as a camouflage (Stachowicz and Hay, 
1990). Canopy of AscophyHum nodosum modifies the habitat of high shore communities 
in the rocky intertidal (Bertness et al., 1999). The rock surface temperature and 
evaporative water loss are less under the canopy than in the canopy removed plot. This 
benign environment favored the recruitment, growth and survival of the understory 
organisms (Bertness et al., 1999). 
Beside having important ecological roles, algae are vital to human as daily foods, 
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cosmetics and effective fertilizers. Algae, for instance Halimeda incrassata, have natural 
antioxidants against hydrogen peroxide and methyl mercury-induced oxidative stress 
(Fallarero et al.，2003). Beatrice (1993) found that algae have more protein, vitamins, 
minerals and non-digestible polysaccharides than many land vegetables. Owing to their 
healthy constituents, the Japanese people consume algae as part of their daily diets, for 
example Nori in sushi, Wakame in miso soup and salad. Furthermore, alginates, agars and 
carrageenans extracted from algae are superb thickeners and emulsifiers used in 
toothpaste，jelly, ice-cream and other food products. Cultivation or farming of algae is 
now a big business world-wide. Approximately 10 x 106 tones of seaweed are produced 
yearly, particularly in East Asia (FAO, 2001). Algae that are cultivated intensively are 
those with high commercial values, such as Laminaria japonica, Gracilaria spp. and 
Porphyra spp. (Wikfors and Ohno, 2001). 
Since algae are vital ecologically and economically, it is essential to maintain a 
sustairiable supply of algae. Same as in higher plants, growth and development of algae 
could be affected by a combination of physical and biological factors. Nutrient levels, 
light, water motion and temperature are the major physical factors controlling the growth 
of algae in the subtidal marine environment. Nitrogen, primarily nitrate (N03") and 
ammonium (NH/), and phosphorus are the most important nutrients for algae (Lobban 
and Harrison, 1994). Porphyra torta in Alaska showed a decrease in growth under low 
nitrate condition. A normal growth rate resumed when nitrate concentration increased 
(Conitz et al., 2001). The amount of light reaches underwater depends on the angle of the 
sun to the surface, roughness or state of the water, shading by epiphytes or neighboring 
individuals and turbidity (Gentilhomme and Lizon, 1998; Sotka et al., 1999). Algae have 
different compositions of pigments which receive particular types of light (Franklin and 
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Forster，1997). Since the quality of light changes with water depth, algae are distributed at 
different depths according to the types of light received. Hurd (2000) observed that algae 
that grow in relatively exposed habitat usually have a greater biomass and this is caused 
by the variation in the diffusion boundary layer resulted from different degrees of 
exposure. Due to the presence of the thick diffusion boundary layer on the thallus surface 
under slow water movement, the transfer of carbon, nitrogen and phosphorus across the 
thalli surface slows down, hence, reducing the growth of the algae (Hurd et al., 1996; 
Hurd, 2000). The chemical reaction rates and metabolism of algae vary with temperature 
as a result of changes in the chemical reaction rates and metabolism of their enzyme 
(Thomas, 2002). Temperature up to 20°C promoted the growth of Pelvetia canaliculata. 
However, the growth decreased when the temperature exceeded this limit (Pfetzing et al., 
2000). 
Other than the physical factors mentioned above, biological factors can also affect the 
abundance and diversity of the algal communities. Competition occurs once resources, for 
instance space, light or nutrients in the algal communities are limiting (Carpenter, 1990). 
In a dense population, branches of the algae elongate in order to compete for sunlight, 
hence, suppress the growth of less competitive or smaller individuals (Hutchins and De 
Kroon, 1994; Yokozawa and Hara, 1995). Creed et al. (1998) showed that the growth rate 
and survivorship of Laminaria digitata and Fucus serratus decreased under high-density 
treatment. The growth rate of small Laminaria digitata in the mixed-size populations was 
significantly lower when compared with those grown singly. Eventually, the populations 
self-thinned, leaving only the large individuals. Besides competition of algae with the 
same and different species, competition between coral and algae can also be observed. 
Coral abundance and algae cover had a negative relationship on Florida reefs due to space 
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competition (Lirman, 2001). Competition success could also be affected by herbivory. 
Herbivory, feeding of algae by animals, is one of the most important biological factors 
affecting algae in both the terrestrial and the aquatic environments. In general, sea urchins, 
molluscs, crustaceans, fishes and opisthobranchs are the principal groups of marine 
herbivores. They can further be identified as generalist - those that consume a wide 
variety of algae, such as sea urchin Strongylocentrotus purpuratus; and specialist - those 
that feed only on a few plant species, like opisthobranchs (Trowbridge and Hirano, 2000; 
Milchunas and Noy, 2002). Generalists are usually larger, more mobile and common than 
specialists. The effects of herbivores on algae, either positive or negative, depend mainly 
on the possibilities that the plant will be encountered and eaten (Lubchenco and Gaines, 
1981). The algae could be negatively affected if they are easily accessed and eaten by 
herbivores, like those found closely within the territory of herbivores or those that do not 
have sufficient defenses against the herbivores. 
The probability that an alga will be encountered by a herbivore is determined by the 
characteristics of the alga. An increase in thallus size can lead to an increase in the surface 
of the alga. This, as a consequence, elevates the chance of it being seen or accidentally hit 
by herbivores. Chemoreceptive herbivores trace the presence of nearby algae from the 
chemical stimulus released by the algae. Algae that have rich chemical stimulus could 
attract more herbivores. The characteristics of the herbivores are the second factor that 
affects this chance encounter. Herbivores with more sensitive detection organs could raise 
the probability of encountering an algae. Finally, environmental characteristics play an 
important role also. Increased turbidity, density of algae and availability and numbers of 
refuges could reduce the probability of algae being encountered by the herbivores 
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(Lubchenco and Gaines, 1981). 
Even though herbivores have already located the algae, algae may not be eaten provided 
that the algae are inedible to the herbivores. Growth form and toughness of the algae 
could affect the probability of them being eaten. Encrusting algae seldom have signs of 
being grazed except in those parts that are growing free from the substratum. Thus, this 
form of algae is assumed to be resistant to herbivory (Littler et al.，1983). Littler et al. 
(1983) indicated that the susceptibilities of algae to herbivory increase from encrusting, 
jointed calcareous, thick leathery, coarsely branched, filamentous to sheet groups. 
Calcification makes algae tougher and harder to be grazed by herbivores. Calcification is 
present in almost 50% of the least preferred algal species but only in 9% of those most 
preferred (Paul and Hay, 1986). Requirement on nutrients, abilities to digest and to 
detoxify, effects from past and recent feeding histories of herbivores could also affect the 
probability that an alga will be eaten (Lubchenco and Gaines, 1981). 
The abundance of algae in a community was controlled by their edibility, presence of 
defensive mechanisms and the effectiveness of the herbivores (Lubchenco and Gaines, 
1981). When herbivores are consuming a group of algae, more and more of the less 
competitively advantaged algae are being removed as the effectiveness of herbivory 
increases, resulting in the increase in the abundance of inedible or defended algae. 
Damselfish Stegastes fuscus removed less competitive Jania spp. and left only some 
fleshly and filamentous algae to dominate its territories (Ferreira et al., 1998). Presence of 
reftige to algae can minimize the loss by herbivory even though the algae are edible. 
In addition, herbivores have great impact on the succession of algal populations. The 
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classic models of succession, including facilitation, tolerance and inhibition (Connell and 
Slatyer, 1977)，could be accelerated, unaffected or slowed down by herbivores. Under any 
of these models, herbivores could drive the succession that results in species replacement 
(Connell and Slatyer, 1977). Succession in a community could be speeded up when 
herbivores remove early colonists that prevent the establishment of the later colonists. 
This was observed in the rocky shore of British Columbia in Canada where the early 
succession ephemeral algae were grazed and removed by limpets, freeing up the space for 
the later succession fucoids to occupy (Kim, 1997). Jernakoff (1985b) studied the 
influence of a limpet species on algal cover and diversity in Botany Bay of Australia. He 
noted that the later succession encrusting brown algae were unaffected by the earlier 
succession ephemeral green and red algae as the rate of colonization and abundance were 
the same either in the presence or absence of limpets. Kaehler and Williams (1998) found 
the succession process to be slowed down by Nodilittorinids and Cellana grata in Cape 
d'Aguilar, Hong Kong. Their experiment showed that herbivores could remove or damage 
the later succession ephemeral erect algae, such as Ulva spp., and open bare space for the 
early succession encrusting algae to colonize again. Hence, feeding abilities of herbivores 
have important roles in controlling the succession of algae. 
Damages of algae by herbivores during feeding could be pronounced particularly in the 
tropical region (Lobban and Harrison, 1994). In order to survive under the stress from 
herbivory, a variety of strategies, including temporal, spatial escapes and defenses, have 
evolved in algae to minimize the damages. 
Algae could escape temporally as herbivores are not active or present at all time. In 
temperate marine environment, herbivores are usually active during summer and they 
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disappear in winter (Lubchenco and Cubit, 1980). Heteromorphic algae are found in 
different seasons as herbivore pressure changes. In summer when herbivory is intense, 
algae grow into less susceptible crustose form. When winter comes, intensity of herbivory 
is low, and hence, more upright forms could be found. Caging experiments were 
conducted to verify the above phenomenon (Clayton, 1990). On top of seasonal escapes 
from herbivory, some algae show diel escapes. Green alga Halimeda developed young 
and nutritious portions only at night when herbivory stress was low (Hay et al.，1988) 
Herbivory is more intense in tropical regions, e.g. the presence of large number of 
herbivorous fish on coral reefs. Hence, escape strategies employed by temperate algae are 
theoretically less effective for the tropical algae. Algae survive in habitats that are not 
accessible by herbivores, such as cracks and holes (Dufify and Hay, 1990). The presence 
of macro-habitat refuges could thus determine the distribution of susceptible algae. 
Crustose coralline algae, the less susceptible algae, dominated in shallow water region and 
erect algae, in deeper region in Arena Reef of Jamaica (Morrison, 1988). This distribution 
pattern was related to the decline of herbivory in deeper waters. Furthermore, algae were 
not normally found on the reef slope as the grazing pressure in this area was 
comparatively high (Lubchenco and Gaines, 1981). Cracks and holes are the 
microhabitats that organisms utilize to hide against predation. In herbivory-intense 
environment, the flat rock surfaces were mostly occupied by herbivore-resistant algae. 
Less-resistant leafy algae could only grow in cracks (Menge et al., 1985). Algae may 
employ associational escapes by growing with unpalatable organisms. Alker et al. (2004) 
found algae associated with the sea fan Gorgonia ventalina to survive better. 
Morphological defenses are structural features to minimize algal susceptibility to 
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herbivory. Some growth forms of algae can effectively reduce the attacks from herbivores. 
Three forms of Lobophora variegata, ruffled, decumbent and encrusting, were found in 
areas with different levels of herbivory. Experiments showed that herbivores' preferences 
were in the order (from most to least) of ruffled, encrusting, to decumbent forms. The 
distribution of these three forms was correlated with herbivory intensity (Coen and Tanner, 
1989). Fish exclusion experiment showed changes in algal morphologies in response to 
differences in herbivory level could be very fast. Padina jamaicensis took 96 hours to 
complete the shift from prostrate, branched turf form to an erect foliose form when fishes 
were excluded (Lewis et al., 1987). Toughness of algae, related to the presence of 
calcification and structural carbohydrates, is regarded as a type of morphological defenses 
also. The toughness of algae increased sequentially from sheet-like, filamentous, coarsely 
branched, thick leathery, jointed calcareous to crustose coralline algae. The food 
preferences of herbivores were correlated negatively with the toughness of the algae 
(Littler et al., 1983). 
Algae avoid feeding by herbivores chemically by retaining secondary metabolites in their 
cells. Secondary metabolites evolved from the diversion of energy and nutrients from the 
primary biosynthetic pathways. Algae rich in secondary metabolites are relatively 
resistant and less palatable to herbivores. Secondary metabolites are species-specific to 
both algae and herbivores. In green algae, most of the compounds are terpenes. More than 
980 secondary compounds have been isolated from brown algae and only brown algae 
produce polyphenolic compounds, phlorotannins. Besides polyphenols compounds, 
Sargassum spp. and Dictyota spp. also produce acetogenins and aromatic compounds. The 
most diverse types of secondary metabolites are found in the red algae, representing 
almost all classes of compounds. Most of these are halogenated (Hay and Fenical, 1988). 
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Since it is costly to have chemical defenses, secondary metabolites are induced after tissue 
damages or are produced only in susceptible and important portions of the algae. 
Phlorotannins were induced in kelps within one to three days of wounding (Hammerstrom 
et al., 1998). Young parts of Halimeda spp. are enriched in halimedatetraacetate when 
compared with their mature vegetative parts (Paul and Van Alstyne, 1988). 
The strategies employed by temperate and tropical algae vary in response to differences in 
grazing stress. In tropical region, herbivorous fishes have the greatest impact on the 
dynamics and structure of algae (Lubchenco and Gaines，1981; Ferreira et al., 1998). 
Conversely, damages from herbivorous invertebrates on algae in temperate region are 
more pronounced. Sea urchins and herbivorous gastropods are the major grazers in the 
subtidal environments. Sea urchin Paracentrotus lividus was the key on the development 
and maintenance of coralline barren in the north-west Mediterranean Sea (Sala，1997). 
Fifty-eight species of algae were reported by Choy (1979) in 15 sites along the intertidal 
zones of Hong Kong. She showed that the species richness in exposed sites was more than 
that in semi-exposed and sheltered sites. Algae in Phaeophyceae and Rhodophyceae were 
more common in exposed sites. Ang (2005) reviewed that a total of 299 species of algae 
in 122 genera have been reported by different ecologists in Hong Kong over the last 20 
years, nearly half of these are red algae. In Tung Ping Chau, more than 40 species of algae 
were recorded in 2000 (Ang et al., 2000). However, the relative abundance and seasonal 
occurrence of algae were not reported in details. 
Invertebrate communities on the intertidal region in Hong Kong were widely studied in 
the past ten years and results showed that limpets and chitons are the most common 
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grazers on rocky shores (e.g. Williams, 1993; Kaehler and Williams, 1998; Williams et al., 
2000; Hutchison and Williams, 2003). 
Williams (1993) used cages to exclude herbivores on rocky intertidal in Cape d'Aguilar, 
Hong Kong. A greater number and higher abundance of algal species were recorded at 
both mid and low shores in the absence of herbivores. In a related study, abundance of 
algae was affected by their distance from the refuges of herbivores, like crevices 
(Williams et al., 2000). It was discovered that the limits for molluscan herbivore activities 
were about 50 to 100 cm from their refuges. More macroalgae developed in areas far from 
the crevices. Wai (2004) investigated the compositions and abundance of crustose 
coralline algae and macrograzers in the sea urchin exclusion experiments of low-shore 
rock pools at Cape d'Aguilar. He found the dominance of crustose coralline algae to be 
shifted to ephemeral green algae and eventually to mesoherbivores, like polychaetes, in 
the sea urchin exclusion treatment. He also reported that the seasonal effects of algae, e.g. 
the availability of propagules, were masked by the grazing effects of sea urchins, and 
hence the seasonal effects can only be observed in the sea urchin exclusion treatment. 
Algal recolonization on artificial substratum and cleared rock surface has been studied by 
several ecologists in Hong Kong (Kong, 2002; Hutchinson and Williams, 2003). Kong 
(2002) studied the growth of algae in A Ma Wan, Tung Ping Chau in the northeast Hong 
Kong using two different methods, placing artificial plates and clearing the rock surfaces 
by chisel. Similar algal compositions and abundance were recorded in these two methods, 
indicating that algae mostly recruited but not regenerated from remnant in this site. Great 
differences in algal species compositions and percentage covers of recruit were found 
between years. Hutchinson and Williams (2003) used the cleared substratum to mimic the 
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damages after disturbances on intertidal region of Cape d'Aguilar. Their results showed 
that the cleared plots recovered rapidly and the effects of disturbance only lasted for less 
than six months. This sharp recovery might be due to the summer die-off of algae that 
dissipated any long lasting effects from the disturbances. 
In contrast to studies in the intertidal region, algal and herbivore dynamics in the subtidal 
region have never been documented in Hong Kong. The species compositions and 
richness of algal and invertebrate communities could differ greatly between the intertidal 
and the subtidal regions due to variations in their environmental conditions. Hence, it is 
worthy to conduct studies to examine the ecology of subtidal algae and herbivores. Kong 
(2002) had conducted algal surveys in A Ma Wan and Lung Lok Shui of Tung Ping Chau 
earlier. However, she did not examine the role of herbivores on algal succession in her 
studies. Besides, the species occurrence might vary between years and environmental 
conditions. Hence, her findings cannot be generalized as the benchmark of the subtidal 
situation. It is expected that algal diversity would differ with different growing seasons. 
Since different herbivores have different preferences for algae, their roles in affecting 
algal diversity are not expected to be the same in different seasons. The critical roles of 
herbivores in affecting algal succession were therefore examined in more details in this 
thesis research by employing general surveys, caging manipulations, as well as food 
preference experiments. 
1.2 General Objectives 
There were three general objectives of this thesis research: 
1. to examine the dynamic relationships between algal and herbivore richness, 
11 
Chapter 1 
diversity and abundance in Tung Ping Chau; 
2. to investigate the roles of herbivores in affecting the algal community structures 
in different seasons in different sites; and 
3. to study the food preferences of selected herbivores on particular algal species 
1.3 Study Site 
Hong Kong has a subtropical climate and is affected by the wet, warm south-east 
monsoon in summer (April to September) with mean air temperature of 27°C and the dry, 
cool north-east monsoon in the winter (October to March) with mean air temperature of 
19.80C (Hong Kong Observatory, 2005). About 80% of the annual rainfall occurs in 
summer (Hong Kong Observatory, 2005). Its tidal range also shows seasonal variations, 
being greater in summer. Low tides occur at day time in summer that coincide with the 
occurrence of maximum air temperature. The south-east monsoon brings warm oceanic 
water to the shores and raises the average sea water temperature to 28°C in June. 
Tung Ping Chau (114°26'E and 22°33'N) is the most north-eastern island in Hong Kong 
SAR (Fig. 1.1). It is just approximately 1000 meters from Dai Xiao Mei Sha of Shenzhen, 
mainland China. Due to its relatively distant location from the rest of Hong Kong, the 
island faces little human disturbance when compared with other more accessible outlying 
islands in Hong Kong. Stratification of sedimentary rock is very impressive along the 
coast of Tung Ping Chau. The complicated physical structure of corals together with little 
human disturbance provide a superb environment for other marine organisms to live in. 
Diverse marine fauna and flora can be found, such as fishes, corals, molluscs and marine 
algae. The island was designated as the fourth marine park in Hong Kong on 16 
November 01 with a sea area of 270 hectares. Inside this marine park, only limited fishing 
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activities are allowed for permit holders and for hook-and-line fishing in the recreation 
fishing areas. Two core areas are defined, inside of which fishing and other damaging 
activities are prohibited (Fig. 1.1). 
Three sites were selected in this study, A Ma Wan, A Ye Wan and Lung Lok Shui. A Ma 
Wan and A Ye Wan were chosen, as they are accessible from land, while Lung Lok Shui 
was the best site to study the dynamics of algae as a large algal bed is present here. A Ma 
Wan and A Ye Wan are located along the shore facing northeast. The bays are relatively 
sheltered and are sometimes affected by wakes generated from large vessels. Lung Lok 
Shui faces southwest and is relatively exposed to strong waves generated from the 
southeast monsoon during summer. The dominance of marine organisms differs among 
these sites. Corals are dominant in A Ma Wan and A Ye Wan whereas algae are mostly 
found in Lung Lok Shui. 
1.4 Organization of the Thesis 
The organization of this thesis is as follows: 
Chapter 1 General introduction 
This chapter reviews the background information on the ecological and economical 
importance of algae, physical and biological factors affecting the abundance and 
distribution of algae, algal-herbivore interactions and the strategies adopted by algae 
against damages by herbivores. 
Chapter 2 General surveys on the abundance of algae and herbivores in A Ma Wan, 
A Ye Wan and Lung Lok Shui, Tung Ping Chau, Hong Kong 
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This chapter presents the results of monthly general surveys on the abundance, 
compositions and diversities of algae and herbivores in A Ma Wan, A Ye Wan and Lung 
Lok Shui from November 2002 to March 2004. The spatial and temporal variations, as 
well as the interactions of algae and herbivores were studied. 
Chapter 3 Growth of algae in herbivore-exclusion manipulative experiment 
This chapter deals with the effects of clearing, availability of propagules and the 
interaction of algae and herbivores on algal succession by employing herbivore-exclusion 
experiments. Four treatments (control, clearing control, partial cage and complete cage 
treatments) were implemented in five seasonal set-ups (Autumn 02, Winter 03, Spring 03, 
Summer 03 and Autumn 03) in A Ye Wan. Herbivores and algae were found to have 
different roles to each other in different seasons. 
Chapter 4 Feeding behavior of common herbivores in the artificial food experiment 
The food preferences and feeding efficiency exerted by herbivores on algae in Tung Ping 
Chau were examined. Artificial food was prepared using four algae (Hypnea charoides, 
Padina australis, Sargassum glaucescens, Ulva lactuca) and fed to three common 
herbivores {Euplica scripta, hermit crabs and Temnopleurus toreumaticus). The 
implications associated with different food preferences and feeding efficiencies exhibited 
by these herbivores were evaluated. 
Chapter 5 Summary and Conclusion 
Findings in this research are summarized and synthesized to explain the relationship 
between herbivores and algae and the roles of herbivores in structuring algal community 
in Tung Ping Chau. 
14 
Chapter 1 
N ^^ Tung Ping Chau 
^ ^ ^ ^ ) Hong Kong SAR, China 
1 I ™ \ te 
• V- Tung Ping Chau Pier 
( W 
J \ A Ma Wan 一 
\ 
Lung Lok Shui ^ 
I I °-4|km ^ ^ ^ ^ ^ ^ ^ ^ 
… - 严 众 荄 s - j * s tudysite 
f ^ L ^ ^ j y ^ Recreation Fishing Zone 
� � 0 ° c ftp 0 4km 
钱。 P I _ _ I 
1 
114 





General Surveys on the Abundance of Algae and Herbivores in A Ma Wan, A Ye Wan 
and Lung Lok Shui, Tung Ping Chau, Hong Kong 
2.1 Introduction 
In marine coastal ecosystems, algae, both microscopic and macroscopic, play conspicuous 
roles in structuring the whole communities since they are the most abundant primary 
producers. Due to their importance, the population dynamics of algae have been the focus 
of studies by many phycologists hitherto. Population dynamics vary spatially and 
temporally in relation to the complex interactions of physico-chemical and biological 
factors. Physico-chemical factors include temperature, salinity, wave action and nutrients, 
and biological factors like herbivory, competition and the availability of spores, are the 
possible causes of variations of the distributional patterns of algae. 
Spatial distribution of algae varies horizontally and vertically. Horizontal distribution 
includes differences in abundance and diversity of algae between sites. The greatest 
diversity of algae is usually associated with temperate region in places such as Japan and 
the southern coast of Australia (Thomas, 2002). This phenomenon is possibly due to the 
less competitiveness of algae than corals for space in tropical region (Lirman, 2001). 
Caulerpa taxifolia distributed spatially differently in Australia, which is only found in the 
tropical and sub-tropical regions with the southern limit at the Moreton Bay in southern 
Queensland, but not in the temperate region of Australia (Schaffelke et al., 2002). In a 
smaller scale, the distribution of algae differs between parts of the same site or island. 
Sala and Boudouresque (1997) indicated that unpalatable red algal turfs, Asparagopsis 
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armata, were predominant around the Medes Island, whereas dense stands of fleshy 
macroalgae and well-developed articulated calcareous algae were common in nearby 
Falaguer, northwest Mediterranean Sea. It was concluded that variations in algal 
composition in these places resulted from the unequal grazing pressure of herbivorous 
fishes (Sala and Boudouresque, 1997). Similar to the horizontal distribution, marine 
organisms distribute differently in vertical scale, known as zonation. Interactions between 
physical parameters, like hydrodynamics, turbidity, temperature, wave-exposure, slope, 
light intensity; and biological parameters, like herbivory and predation are the causes of 
zonation on the rocky shore (Menge & Lubchenco, 1981; Sheppard, 1982; Huston, 1985; 
Witman, 1985; Menge and Sutherland, 1987; Ojeda & Dearborn, 1989; Saiz-Salinas and 
Urkiaga-Alberdi, 1999; Ferreira et al.，2001). The pigment composition within the algal 
body is a crucial determinant of zonation in subtidal environment. Blue green algae are 
found in the upper intertidal, where chlorophyll can absorb light in a large range of 
wavelength. Further down, in general, brown algae are observed, which can absorb rare 
red light by fucoxanthin pigments. Red algae are mostly found in deeper region as 
phycoerythrin pigments are efficient in absorbing the green light. Eriksson et al. (1998) 
investigated the zonation of algae in the Bothniam Sea near Sweden in 1996. The 
distribution of the brown alga Fucus vesiculosus was found to extend to -9m C.D., below 
which it was replaced by the red algae Furcellaria lumbricalis, Rhodomela confervoides 
and Polysiphonia fucoids. Besides photosynthetic pigment, ecophysiological studies on 
Mastocarpus and Chondrus indicated that Mastocarpus was more effective in scavenging 
reactive oxygen and more resistant to oxidative stress induced by heat and light stresses 
(Collen and Davison, 1990). Also, the total mycosporine-like amino acid (MAA) content 
in Mastocarpus was six-fold higher than that in Chondrus Mastocarpus was therefore 
more adaptive to ultraviolet radiation during photosynthesis and hence, was more widely 
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distributed from the upper eulittoral to the upper sublittoral zone than Chondrus (Bischof 
et al., 2000). Evidence also showed that the zonation of Fucus species was determined by 
competition among algal species (Hawkins and Harkin, 1985). 
For temporal variations, algal composition, morphology, abundance and dominance 
change in any particular locality with time (Lubchenco and Cubit, 1980; Kennelly and 
Larkum, 1983; Williams, 1993; Eriksson et al., 1998). The phenomenon of algae starting 
growth in winter and reducing growth in summer was frequently discussed (Luning, 1993; 
Williams, 1993). The cover of foliose algae decreased from July to October 1995 in the 
north side of Shemya Island (Konar, 2000). However, over the same period, perennial 
algae grew healthily and with an increase in their coverage. Algae in Hong Kong showed 
temporal differences in abundance with encrusting algae observed only during the hot 
summer months on the rocky intertidal shore. When winter came, the cooling effect led to 
the colonization of ephemeral temperate algal species on the same shore (Williams, 1993). 
On top of algal dynamics, temporal variation in morphologies of algae can also be 
observed. Petalonia fascia and Scytosiphon lomentaria had heteromorphic life histories, 
having the upright morphs during winter, tuft-like crusts, or sometimes, filamentous tufts, 
during summer in New England, the United States (Lubchenco and Cubit, 1980). There 
are several reasons to explain the seasonal variation in algal phenology. Luning (1993) 
suggested that several environmental factors, like temperature and nutrients, are possibly 
the determinants that control the growth of algae. 
Similar to algae, the distribution of herbivores changes with location. The types of 
dominant herbivores are different in temperate and tropical regions (Lubchenco and 
Gaines, 1981; Menge and Lubchenco, 1981). In temperate region, molluscs and sea 
18 
Chapter 1 
urchins are the most important herbivores. However, fishes, which have an enormous role 
in structuring tropical rocky shore, have little effect on temperate rocky shore (Lubchenco 
and Gaines, 1981; Menge and Lubchenco, 1981). The size of mouth part, feeding rate, 
foraging behavior, mobility, abundance, body size and foraging range of herbivores could 
influence the size of algal patch created and the frequency of individual alga being grazed 
by herbivores (Carpenter, 1986). Carpenter (1986) categorized herbivores into three 
groups based on the frequency and intensity of the disturbance brought about by their 
feeding on algae. Microherbivores, consisting of amphipods, small gastropods and 
2 , 、 • i j 
polychaetes, have limited mobility and foraging range (about 1-100cm ). This leads to 
intense grazing in any point within the range. Brawley (1992) defined these herbivores as 
mesoherbivores, mostly smaller than 2.5cm in size. The second group is an 
intermediate-sized herbivores, consists of small fishes like gobies, blennies and 
damselfishes, small crabs and sea urchins, with intermediate size of foraging range (about 
0.5-1 m2) and intermediate frequencies of grazing. The final group is herbivorous fishes, 
including larger fishes likes parrotfishes, which have large mouth parts and large foraging 
range (up to 0.5ha) and the lowest grazing frequencies at any one point (Carpenter, 1986). 
It is believed that the temporal and spatial variations of algae and herbivores are 
inter-related. As feeding by herbivores can damage algae intensely, some of the algae have 
spatial and temporal escapes from grazing. Himmelman and Nedelec (1990) showed that 
the survival of algae coincided with the absence of sea urchins or limited sea urchin 
feeding efficiency. Spongomorpha arcta and Devaleraea viridis occupied the low 
intertidal region where sea urchins were not found. The temporal escapes of algae due to 
herbivores were widely studied (Kennelly and Larkum, 1983; Himmelman and Lavergne, 
1985; Williams, 1993). When the feeding rates of sea urchins dropped in winter, Alaria 
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extended to a greater depth. However, during spring and summer, when the activities of 
sea urchins were usually higher and with effective grazing, sea urchins could limit the 
algae from growing to a deeper region (Himmelman and Lavergne，1985). 
Owing to the importance of algae and herbivore to the marine ecosystem, the dynamics of 
algae and herbivores always attract the concern of marine ecologists. As Hong Kong is in 
subtropical region, the dynamics of algae and herbivores in Hong Kong could differ from 
those in tropical and temperate regions. The distribution of algae and herbivore has been 
studied by Hutchison (1999) and Wai (2004) in Cape d'Aguliar, Hong Kong. Their studies, 
however, focused on the communities in the intertidal shore that are quite different form 
those in the subtidal region. Although Kong (2002) had conducted a similar survey on 
algae and herbivore in Tung Ping Chau, the growth patterns of algae and herbivore are 
known to shift from year to year. A general survey on the growth dynamics of algae and 
herbivores in the shallow rocky subtidal region of A Ma Wan, A Ye Wan and Lung Lok 
Shui in Tung Ping Chau was therefore conducted from November 02 to March 04 (started 
in December 02 in Lung Lok Shui) with the objective of finding the relationships between 
algae and herbivores in relation to their species richness, diversity, abundance and 
composition. This provides the baseline information needed for manipulative experiments 
to evaluate the role of herbivores on algal succession (Chapter 3). 
2.2 Materials and Methods 
2.2.1 Study site 
The general surveys were carried out in A Ma Wan, A Ye Wan and Lung Lok Shui of Tung 
Ping Chau (Fig. 1.1). A Ma Wan is well known for the abundance of coral coverage. It is a 
relatively sheltered bay. It is exposed to the northeast monsoon during winter. In general， 
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it provides a sheltered environment for fishes and corals to live in. The shallow water 
region in A Ma Wan has many flat rock surfaces covered with algae. Coral zone is found 
in the deeper region that gradually becomes sandy. Flat shallow subtidal rocks were 
studied in this research. The rock flats extended from Om C.D. to -1.5m C.D. They were 
with low coral coverage. Oulastrea crispata was the most common coral encrusting on 
the flat rock surfaces. A Ye Wan, another bay facing northeast in Tung Ping Chau, has 
similar physical characteristics as those in A Ma Wan. Coral abundance in A Ye Wan is 
high also, but not as dense as that in A Ma Wan. Flat rocks in A Ye Wan extended deeper 
than those in A Ma Wan, from Om C.D. to -2m C.D. 
The third study site is Lung Lok Shui which faces southwest. It is exposed to 
comparatively stronger waves throughout the year than the other sites. This exposed shore 
is known for the presence of an extensive algal bed, which is probably the largest in Hong 
Kong. The algal bed extends from the intertidal region to a depth of about -10m C.D 
(Chan, 2000). Sargassum, with at least 8 species, is the dominant algae (Ang et al., 2000). 
This study mainly focused on the shallow depth of the rock outcrop known as 'Dragon 
Bone' from 0m C.D. to -2m C.D. This rock outcrop is a metamorphosed sedimentary rock 
formation extending from the intertidal to the deep water. 
2.2.2 Measurement of water temperature 
Temperature of shallow seawater was measured by a temperature probe (Minilog TP, 
Vemco Inc., Halifax, Canada) in A Ye Wan throughout the study period. The probe was set 
to measure the temperature at every half-hour interval at -2m C.D. from October 02 to 
March 03. It was retrieved for replacement approximately once every two months. 
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2.2.3 Measurement of algal percentage cover 
The surveys in A Ma Wan and A Ye Wan began on November 02 and lasted till March 04. 
That of Lung Lok Shui started on December 02. Due to Typhoon Imbudo, data in July 03 
in A Ma Wan and Lung Lok Shui were missed. 
In all sites, surveys were carried out monthly. Seven 5m transects were laid parallel to the 
shore haphazardly. Four quadrats were placed on each transect which was marked with 
random points using the random number generated from Microsoft Excel (n=28). The 
random point quadrat was 25cm x 25cm in dimensions, with 100 random points 
represented by intersections of cross strings (Fig. 2.1). The frame was produced by the 
Technical Support Unit of the Chinese University of Hong Kong. 
Algae underneath every random point were investigated. Algae were identified to species 
level as much as possible. The percentage cover of each algal species was recorded by 
counting the number of random points that it covered. Sometimes, there were more than 
one layer of algae under one point. In such a case, the algae in the upper layer were 
recorded first, and were then pushed to one side to expose and count the algae in the lower 
layer. 
Some algae were difficult to identify in situ. Filamentous algae less than lcm in length 
were grouped as turf algae and encrusting algae were also identified as a group. No 
attempt was made to examine the detailed species composition of the turf or encrusting 
algae. 
2.2.4 Measurement of herbivore density 
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The position and number of quadrats were the same as those used in the measurement of 
algal percentage cover (Section 2.2.2). The number of individuals of each herbivore 
species within the 25cm x 25cm quadrat was counted and identified to the lowest 
taxonomic level as much as possible. The sampling method for fishes was different. The 
observer would stay at 2m away from the plot and would count the number of fishes 
hitting the plot for two minutes. After recording, the number of individuals for each 
herbivorous species per quadrat, including fishes, was expressed as number of individuals 
per area of the quadrat, i.e. per 625cm : 
Density = Number of individuals / (25cm x 25cm) 
However, as the scale of density was too small, the density of herbivores was scaled up 
2 • 
and expressed as number of individuals per 100 cm in the analyses and plots. 
Density = [Number of individuals / (25cm x 25cm)] x 100 
2.2.5 Investigation on the species richness and diversity of algae and herbivores 
The species richness of algae and herbivores was measured by counting the number of 
algal and herbivorous groups found in each site of the general surveys. 
The percentage cover of all algal species or the density of all herbivorous species was 
used in the calculation of diversity index. Since the data were collected randomly, the use 




H' = -Z[Pi(logPi)] 
a 
where H' = Shannon diversity index 
pi = Proportion of the total number of individuals occurring in species i 
2.2.6 Statistical analysis 
All statistical analyses were performed in SPSS 11.5 for Windows (SPSS Inc.) or 
PRIMER 6.0 (Primer-e Ltd.). To verify if the assumptions of parametric tests were met, 
all data were first tested for normality by Kolmogorov-Smirnov test and homogeneity of 
variance by Levene Median test. Log(x+l) transformation was carried out if the 
assumptions were violated. After attempts at transformations failed to satisfy the 
assumptions of the parametric tests, non-parametric analyses, where available, were used 
instead. In all analyses, the significance level was set at p=0.05. 
To compare the difference of algal percentage cover and herbivore density between sites 
throughout the 17-month study period, either parametric one-way ANOVA or Kruskal 
Wallis one-way ANOVA was performed. Turf algae were particularly dominant in algal 
communities and could easily mask the results from the analysis. Accordingly, the 
percentage cover of algae was analyzed separately for algae with turf and algae without 
turf. The sampling methods of herbivorous benthic fauna and fishes were different, 
therefore, the density of herbivores was analyzed as herbivores with and without 
herbivorous fishes. Sites were the independent variable and either the mean percentage 
cover or mean herbivore density of each month was the dependent variable in the analysis. 
The rank of each site was calculated using Tukey HSD Test for the parametric one-way 
ANOVA or Mann-Whitney Rank Sum Test for the Kruskal Wallis one-way ANOVA. 
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The previous analysis was tested solely using the percentage cover of the algae and the 
density of the herbivores in each site as a whole, the composition of the organisms was 
not analyzed. Multidimensional scaling analysis (MDS) of Bray-Curtis similarity was 
used to analyze the difference in the species composition, either spatially between sites or 
temporally between seasons (Clarke and Gorley, 2001). The null hypothesis of the 
analysis was that no differences were found between distance groups in community 
composition. The species compositions of algae or herbivores from the general survey of 
each month were compared. The data were grouped under sites (A Ma Wan, A Ye Wan 
and Lung Lok Shui) for the spatial comparison, whilst under seasons (Spring: April-June; 
Summer: July-September; Autumn: October-December; Winter: January-March) for the 
temporal comparison. To increase the likelihood of minimizing the stress in a 
two-dimensional representation, the multidimensional scaling was repeated ten times. 
Data were forth-root transformed to minimize the effect of single most dominant species, 
e.g. the turf algae. 
Relationships between the abundance of algae and herbivores were tested by pairwise 
Pearson correlation. The percentage cover of algae, both with and without turf algae, and 
the density of herbivores, both with and without herbivorous fishes, were correlated. 
Since there may be time lag in the effect of herbivores on algae, the time lag difference 
was adjusted by moving the abundance of herbivores one to four months before the 
original timing. 
Canonical correlations were used to relate the abundance of the algal species and the 
density of herbivorous species in the whole communities. In order to meet the parametric 
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assumptions, all the data were log(x+l) transformed and evaluated by the 
Kolmogorov-Smirnov test and Levene Median test on each species group for normality 
and equality of variance respectively. Variables used in correlation analysis were defined 
as the variables measured in the study, such as the percentage cover of Lobophora 
variegata. Canonical variates are the linear combinations of these variables (Tabachnick 
and Fidell, 1989). Two linear combinations of variables were employed in this study, 
representing the algal species and the herbivorous species. Each species was tested as one 
variable, unless the assumptions had been violated. In the latter case, the algal species 
were grouped together. In A Ma Wan, eleven algal variables were tested with four 
herbivorous variables. Caulerpa racemosa, Ceramium spp., Cladophora delicatula, 
Colpomenia sinuosa, Dictyosphaeria cavernosa, Gelidium amansii, Gracilaria verrucosa， 
Padina arborescens, Pterocladia nana and Ulva lactuca were grouped as others. 
Amblygobius phalaena, Aplysia juliana, Halichoeres nigrescens, Parupeneus indius, 
Sebastiscus marmoratus, Siganus canaliculatus, Tectus pyramis and Temnopleurus 
toreumaticus were grouped as large herbivores. The remaining small herbivores were not 
included in this analysis because of their violations of parametric assumptions even after 
transformation and grouping. In A Ye Wan, seven algal variables were tested with six 
herbivorous variables. Amphiroa ephedraea, Caulerpa racemosa, Caulerpa taxifolia, 
Ceramium spp., Chaetomotpha brachygona, Colpomenia sinuosa, Corallina pilulifera, 
Dictyosphaeria cavernosa, Dictyota dichotoma, encrusting, Gelidium amansii, Laurencia 
japonica, Padina arborescens and Ulva lactuca were grouped as others in the linear 
combination of algae. Herbivores that violated the parametric assumptions were grouped 
as small herbivores (Astrea rhodostoma, Chlorostoma rustica, crabs, Siphonaria japonica, 
Lunella coronata, Mitra spp. and Nerita albicilla) and large herbivores {Cypraea arabica, 
Tectus pyramis and Temnopleurus toreumaticus). In Lung Lok Shui, Amphiroa ephedraea, 
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Caulerpa racemosa, Ceramium spp., Ceratodictyon spongiosum, Colpomenia sinuosa, 
Dictyosphaeria cavernosa, Dictyota dichotoma, Gracilaria verrucosa, Hydroclathrus 
clathratus, Hypnea japonica, Laurencia japonica, and Ulva lactuca were grouped as 
others. Herbivores like crab, Epitonium perplexa, Si gnus japonica, Menaethius monoceros, 
Nerita albicilla, Flabellina ornate were grouped as small herbivores. The significance of 
each canonical correlation was noted. For the significant correlations, their canonical 
loadings with values that were <0.3 were not interpreted since they explained <10% of the 
variance (Tabachnick and Fidell, 1989). 
2.3 Results 
2.3.1 Measurement of algal abundance and diversity 
2.3.1.1 Percentage cover 
The monthly mean percentage cover of algae, including that of turf algae, showed a 
relatively stable pattern throughout the sampling period (Fig. 2.2). The mean percentage 
cover (土SD) of algae in the whole year were 96.3 士 6.2% in A Ma Wan, 107.9 土 13.2% in 
A Ye Wan and 93.6 士 26.5% in Lung Lok Shui. In A Ma Wan, the mean percentage cover 
of algae ranged from 81% to 107%, a range of 76% to 121% was recorded in A Ye Wan 
and 59% to 136% in Lung Lok Shui. Slight increase in algal cover was recorded in A Ma 
Wan during March to May 03 and January 04. The situation was quite different in A Ye 
Wan. Algae started increasing since the beginning of the survey and dropped slightly on 
May 03. However, it increased again from September 03 on till January 04，when it 
started to drop again. The peaks in the algal coverage of Lung Lok Shui were found on 
June 03 and December 03. Although there was a dramatic decrease in algal cover during 
August 03，the algae regrew quickly. Since the assumptions of homogeneity and normality 
in the parametric test were violated in both original and transformed data, the differences 
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in percentage cover of algae were assessed by non-parametric Kruskal-Wallis one-way 
ANOVA. The percentage cover of algae between sites were significantly different 
(p=0.034, Table 2.1). The Mann-Whitney Rank Sum Test showed the percentage cover of 
algae, including that of turf algae, to be greatest in A Ye Wan. Those of A Ma Wan and 
Lung Lok Shui were relatively similar. 
When turf algae were excluded in the analysis, the trends of mean algal percentage cover 
over the sampling period were quite different (Fig. 2.3). Peaks of algae were more 
obvious when all algae were included in the analysis (Fig. 2.2). In the absence of turf 
algae, mean algal percentage cover ranged from 4% to 85% in A Ma Wan. These 
macro-algae were abundant only during February to April 03, and remained in low cover 
for the rest of the time. These algae showed another increasing trend starting on 
November 03. However, the coverage was far lower than that of the previous peak. Peaks 
of mean algal percentage cover in A Ye Wan were found in May 03，June and July 03， 
October 03 and November 03 (the highest peak throughout the study period). Its covers 
were within the range of 12%—122%. At the end of the survey, i.e. March 04, the 
percentage cover of algae remained in an increasing trend with no sign of decrease and 
the cover was as high as that recorded in October 03 and November 03. Peaks in Lung 
Lok Shui somehow coincided with those in A Ye Wan, i.e. in June 03 and October 03. 
One-way ANOVA showed the percentage cover of algae between sites to be significantly 
different (p<0.001, Table 2.2). Algal covers in A Ma Wan were lower than those in A Ye 
Wan and Lung Lok Shui (Tukey HSD Test, p<0.05, Table 2.2). 
Some differences in the growth form of the algae were also noted. Ruffled form of 
Lobophora variegata was always observed in Lung Lok Shui but this species was mainly 
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in encrusting form in A Ma Wan and A Ye Wan. 
2.3.1.2 Species richness 
A total of 28 species or groups of algae had been identified in Tung Ping Chau in this 
study (Table 2.3). Seven species belong to Chlorophyceae, seven species to Phaeophyceae, 
twelve species to Rhodophyceae and two groups were categorized as others, including 
encrusting and turf algae. The number of algal species identified in different sites ranged 
from 20 species in A Ma Wan, 22 species in A Ye Wan and 23 species in Lung Lok Shui. 
The species richness of algae in all sites was the highest around February to April 03. The 
maximum number of species found in A Ma Wan and Lung Lok Shui at any single time 
was 16，and 15 species for A Ye Wan (Fig. 2.4). Species richness started to increase again 
on November 03 and reached another peak around February 04. One-way ANOVA 
indicated no significant difference in the species richness between sites (Table 2.4). 
2.3.1.3 Species diversity 
The Shannon Diversity Index indicated that the diversity of algae in A Ma Wan was the 
highest in April 03. It increased again and reached a plateau from January 04 to March 04 
(Fig. 2.5). In A Ye Wan, the highest diversity appeared in February 03. Similarly, the 
diversity increased progressively from August 03 onwards, leveled off in January 04 and 
eventually decreased in March 04. Diversity of algae in Lung Lok Shui remained at a high 
level throughout the survey. A peak was shown in March 03. Generally, Lung Lok Shui 
was the most diverse site and A Ma Wan was the least diverse and this was supported by 
the one-way ANOVA and Tukey HSD test showing that the species diversity of algae in 




2.3.1.4 Dominance and composition 
Results of MDS ordination indicated that the null hypothesis of no difference in algal 
cover among sites was rejected (p=0.001, Table 2.6a and Fig. 2.6). The Kruskal stress 
value of the ordination (Stress=0.17) indicated that the MDS analysis gave a potentially 
useful two-dimensional picture of the algal community structure among sites (Clarke and 
Gorley，2001). One-way ANOSIM showed the algal- community structure of the three sites 
to be overlapping but clearly different (Table 2.6b). In A Ma Wan, the most dominant 
algae were in the order of turf algae, Padina australis, Lobophora variegata, Ceramium 
spp. and encrusting algae. Turf algae, Lobophora variegata, Sargassum spp., Hypnea 
charoides and Padina australis were the most abundant algae in A Ye Wan. The dominant 
algae in Lung Lok Shui were in the order of turf algae, Sargassum spp., Lobophora 
variegata, coralline algae and encrusting algae. 
The monthly dominance of algal species was assessed separately for each site (Tables 
2.7-2.9). In A Ma Wan, only a few algae, turf algae and Lobophora variegata appeared 
throughout the whole or nearly the whole year, whilst most of the algae were observed 
seasonally (Table 2.7). Turf algae (46.3%-92.3%) were dominant during the whole 
sampling period. Lobophora variegata was abundant during August 03 (19.1 士 28.1%) 
and November 03 (12.8 士 26.7%). However, it almost disappeared in February 04 and 
March 04 (0.2 士 0.8o/o). The results of the MDS ordination comparing the seasonal 
differences in algal assemblages registered a Kruskal stress value of only 0.09’ suggesting 
that the ordination could give significant reliable interpretation of changes in the algae 
assemblages over time (p=0.009, Table 2.10a and Fig. 2.7). The abundance of algae in 
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autumn and spring were significantly well separated into two different groups (one-way 
ANOSM, p=0.018, Table 2.10b). More algal species were recorded during spring (Fig. 
2.4)，and each species had relatively higher percentage cover in spring than in autumn. 
Padina australis was abundant during April to May 03 (Spring, over 13%) and was only 
uncommon or absent during autumn (Table 2.7). Caulerpa racemosa, Hypnea charoides, 
Padina arborescens, Ceramium spp., Corallina pilulifera, Dictyosphaeria cavernosa, 
Gelidium amansii, Laurencia japonica, Padina arborescens and Pterocladia nana were 
only recorded during spring. The compositions of algae in autumn and winter overlapped 
but were clearly different (one-way ANOSM, p=0.011, Table 2.10b). More algal species 
were observed in winter and the density of each species recorded between seasons was 
slightly different. Gracilaria verrucosa was uncommon in December 03 (autumn, 0.1 土 
1.4%) but became common in February 04 (winter, 2 士 3.40/o). Hypnea charoides was rare 
in December 03 (autumn, 0.3 士 0.9%), but became common in winter (>3.61%). 
Lobophora variegata, Padina australis, Sargassum spp. and turf algae grew throughout or 
almost throughout the whole sampling period in A Ye Wan (Table 2.8). Lobophora 
variegata dominated throughout the survey, except in February to April 03 
(14.3%-28.2%). Another dominant alga was the turf algae. Beside being abundant in 
January (26.4 土 28.60/o) and February 04 (14.5 士 210/o), they dominated from November 
02 to March 04. Sargassum spp., basically Sargassum glaucescens, started to be abundant 
in June 03 to February 04, but became dominant in October 03 (41.3 土 45%). Seasonal 
growth of algae was observed in A Ye Wan. Hypnea charoides grew well from February to 
April 03 and December 03 to March 04 and became dominant in March 03 (89.1 士 8.9%). 
Similar to Hypnea charoides, Laurencia japonica. grew well from February to April 03 
and February to March 04. The alga was mostly common in abundance, except in 
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February 04. However, the results of MDS ordination analysis with Kruskal stress value 
of 0.06 showed that the seasonal distribution of algae in A Ye Wan was not significantly 
different over time (Table 2.11, Fig. 2.8). 
Similar to A Ye Wan, coralline algae, Lobophora variegata, Padina australis, Sargassum 
spp. and turf algae were recorded in Lung Lok Shui over the whole survey period (Table 
2.9). In contrast to A Ma Wan and A Ye Wan, Sargassum spp., including Sargassum 
fusiforme, Sargassum hemiphyllum, Sargassum henslowianum, Sargassum patens and 
Sargassum siliquastrum were more dominant than the turf algae. Corallina pilulifera was 
always recorded in the survey since August 03 although it was mostly categorized as rare 
or uncommon (0.1%-1.7%). MDS ordination results indicated that the compositions of 
algae were significantly different over time (p=0.019，Table 2.12a and Fig. 2.9). The 
abundance of algae in autumn and winter significantly overlapped but was still clearly 
different (p=0.033, Table 2.12b). Padina australis was abundant during autumn 
(9.3%-13.5%), but rare to common during winter (0.2%-5.9%). Caulerpa racemosa, 
Colpomenia sinuosa, Hypnea japonica, Laurencia japonica and Padina arborescens were 
present during winter but absent during autumn. Statistical analysis showed that the algal 
assemblages in spring and summer were not significantly different. The non-significance 
might be due to the lack of sufficient data for summer (Table 2.12b). 
2.3.2 Measurement of herbivore abundance and diversity 
2.3.2.1 Density of herbivores 
Seasonal variations of herbivore density were observed in all sites (Fig. 2.10). The 
densities of all herbivores, including fishes, increased in March 03 and leveled off in May 
03. The density of herbivores in A Ye Wan increased again in January 04. The herbivore 
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densities ranged from 0.017-0.7, 0.21-1.96 and 0.18-1.14 individual/100cm2, in A Ma 
Wan, A Ye Wan and Lung Lok Shui respectively. The density of herbivores differed 
significantly (ANOVA, p<0.05, Table 2.13) between sites. A Ma Wan had the significantly 
lowest density of herbivores when compared with the other two sites. Herbivore density in 
A Ye Wan and Lung Lok Shui were comparable (Tukey HSD Test, Table 2.13). 
Density of herbivores with the exclusion of herbivorous fishes was tested. Similar trends 
and results were found as those previously evaluated including fishes (Fig. 2.11). The 
results of ANOVA also indicated that the densities were significantly different (p<0.001) 
between sites (Table 2.14) and the density in A Ma Wan had the lowest rank in the Tukey 
HSD test (Table 2.14). 
2.3.2.2 Species richness 
Twenty-four species or groups of herbivores had been discovered during the sampling 
period. These herbivores were dominated by the gastropods (Table 2.15). In totals three 
groups of crustaceans, two species of echinoderms, 13 species of molluscs and six species 
of fishes were recorded. Eighteen species of herbivores were found in A Ma Wan, A Ye 
Wan and Lung Lok Shui respectively. 
A maximum of eleven species of herbivores were recorded in A Ma Wan and A Ye Wan in 
May 03，whilst a maximum of 10 species of herbivores were observed monthly during 
February to April 03 (Fig. 2.12). Beyond this period, the number of herbivorous species 
recorded fluctuated quite a lot ANOVA results showed that the species richness of 
herbivores was not significantly different between sites throughout the sampling period 
(p=0.107, Table 2.16). 
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2.3.2.3 Species diversity 
The Shannon diversity indices were statistically significantly different among the three 
sites (ANOVA, p=0.001，Table 2.17). The diversity index reached the peak values in April 
to May 03 and in October 03 (p=0.001，Table 2.17，Fig. 2.13). The diversity in A Ma Wan 
decreased at the very beginning and increased to 0.65 in April 03. However, this high 
diversity lasted only for a month and decreased again after April 03. It rose again and 
reached the maximum in October 03. A large drop to 0 was found in February 04. In A Ye 
Wan, the herbivore diversity gradually decreased throughout the sampling period. Slight 
peaks were found in April and October 03. In Lung Lok Shui, the highest diversity of 
herbivores was recorded in February 03. In general, the species diversity of herbivores 
was the lowest in A Ye Wan. Those between A Ma Wan and Lung Lok Shui were more 
similar. 
2.3.2.4 Dominance and composition 
From Tables 2.18-2.20, herbivores were categorized as dominant if the mean density was 
>0.25 individual/100cm2; abundant when 0.08-0.25 individual/100cm2; common, 
0.02-0.08 individual/100cm2; uncommon, 0.01-0.02 individual/100cm2 and rare, <0.01 
individual/100cm2. Significant differences were found between the compositions of 
herbivores in the three sites as shown in the MDS ordination (p=0.001，Table 2.21a and 
Fig. 2.14). The Kruskal stress value of the ordination was 0.16, indicating that the two 
dimensions in the plot were a good representation of the relationships among the sites 
(Clarke and Gorley, 2001). The pairwise test under the ANOSIM revealed that the 
herbivores in Lung Lok Shui were significantly well separated from those in A Ma Wan 
(p=0.001) and A Ye Wan (p=0.001), whereas herbivores in A Ma Wan and A Ye Wan 
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were almost the same in their composition and hence, were not significantly separated 
(p=0.011，Table 2.21b). Euplica scripta, hermit crabs，Bathygobius meggetti, Cerithidea 
spp. and Sebastiscus marmoratus were the five most dominant herbivores in A Ma Wan. 
The top five most abundant herbivores in A Ye Wan were the same as those in A Ma Wan, 
but the order was slightly different. Euplica scripta was the most dominant species in A 
Ye Wan, followed by hermit crabs, Cerithidea spp., Sebastiscus marmoratus and 
Bathygobius meggetti. In Lung Lok Shui, Chlorostoma rustica, Euplica scripta, Siganus 
canaliculatus, Anthocidaris crassispina and hermit crabs were the most abundant 
herbivores. Hermit crabs observed in Tung Ping Chau included Pagurus spp., Calcinus 
spp., Clibanarius bimaculatus and Clibanarius virescens. 
Euplica scripta and hermit crabs were found throughout the whole or almost the whole 
survey in A Ma Wan (Table 2.18). Euplica scripta was dominant in December 02 (0.3 士 
0.5 individual/100cm2), April (0.3 士 0.4 individual/100cm2) and May 03 (0.4 土 0.4 
individual/100cm2). From Table 2.18, slight seasonal patterns were observed in herbivore 
composition，in which some herbivores, Aplysia juliana, Chlorostoma rustica, Nerita 
albicilla, Parupeneus indius and Sebastiscus marmoratus appeared solely during March 
to May 03. However, results of MDS ordination showed the composition of herbivores to 
be not significantly different between seasons (p=0.069, Table 2.22 and Fig. 2.15). 
In A Ye Wan, Euplica scripta and hermit crabs contributed to the abundance of the 
herbivore populations in the whole survey (Table 2.19). The density of Euplica scripta 
was always high, the maximum of which was recorded in May 03 (1.9 土 0.9 
2 • 
individual/100cm2) and the minimum in October 03 (0.1 土 0.2 individual/100cm ). Hermit 
crabs were dominant from April to July 03. The distribution of herbivores varied 
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significantly between seasons as shown in the MDS ordination (p=0.015, Table 2.23a and 
Fig. 2.16). The Kruskal stress value of 0.13 indicated that the MDS plot is a good 
representation of the relationships of herbivores between seasons. The results of one-way 
ANOSIM indicated that species composition of herbivores was significantly different 
between seasons (Table 2.23b). The R statistic in the ANOSIM showed that herbivores in 
autumn vs. spring and summer vs. spring were well separated, however only the 
difference between autumn and spring was significant. In autumn, less herbivorous 
species could be found in A Ye Wan both in terms of number of species and the density. 
However, in spring, Astraea rhodostoma, Parupeneus indius, Mitra spp., Sebastiscus 
marmoratus, Siganus canaliculatus and Tectus pyramis, which had never been recorded in 
autumn, were observed (Table 2.19). Euplica scripta and hermit crabs were dominant in 
spring (April to May 03 and April to June 03 respectively). However, only Euplica scripta 
was dominant in December 02 and December 03. Results of ANOSIM also showed that 
the compositions of herbivores in winter and spring were significantly different (R=0.13, 
Fig. 2.16), although there were some overlaps (Table 2.23b). The dominance of 
Bathygobius meggetti, Cerithidea spp., Euplica scripta and hermit crabs in winter and 
spring was comparable, but some herbivores in spring were absent in winter (Table 2.19). 
The composition of herbivores in Lung Lok Shui differed from those in A Ma Wan and A 
Ye Wan significantly in the one-way ANOSIM (p=0.001, Table 2.21a and Fig. 2.14). 
Anthocidaris crassispina, Chlorostoma rustica (the most dominant) and Euplica scripta 
were recorded in each month since the start of the survey (Table 2.20). Results of MDS 
ordination showed the composition of herbivores in Lung Lok Shui to differ significantly 
among seasons (p==0.001, Table 2.24a and Fig. 2.17). The Kruskal stress value of the 
ordination was 0.1, suggesting the two dimensional MDS plot was able to represent this 
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relationship without significant distortion. Results of one-way ANOSIM indicated that the 
herbivore assemblages in autumn varied significantly with little overlap with the spring 
assemblage (p=0.029, Table 2.24b). In spring, herbivores were more diverse and abundant 
than in autumn (Table 2.20). Additionally, their densities in spring were similar or denser 
than those in autumn. Other than these herbivores, nine additional species of herbivores 
were recorded in spring but not in autumn. The greater abundance and richness of species 
observed only in spring contributed to low overlap of herbivore community assemblages 
between autumn and spring. Results of ANOSIM showed that the compositions of 
herbivores in autumn and winter were significantly different, although there were some 
overlaps (R=0.496，Table 2.24b). Herbivores found in autumn, except hermit crabs, 
contributed more or less equally to the winter community assemblages. The difference 
was due mainly to a higher density of hermit crabs recorded in winter than in autumn and 
a slightly greater number of herbivorous species found during winter. 
2.3.3 Relationships between algae and herbivores 
2.3.3.1 Pairwise Pearson Correlation between algae and herbivores in different sites 
Using Pearson correlation analysis, no significant correlations were found between algae 
and herbivores, algae (excluding turf) and herbivores, algae and herbivores (excluding 
fishes), and, algae (excluding turf) and herbivores (excluding fishes) (Table 2.25, Figs. 
2.18-2.20). 
However, significant relationships were found when time lag was considered by 
correlating the density of herbivores recorded one to three months earlier with the algal 
density of the current month (Table 2.25). In A Ma Wan, both algae (excluding turf) and 
herbivores (Fig. 2.18c), and, algae (excluding turf) and herbivores (excluding fishes) (Fig. 
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2.18d) correlated significantly and positively with two or three month time lag. In A Ye 
Wan, significant negative correlations were found between algae (excluding turf) and 
herbivores, and, algae (excluding turf) and herbivores (excluding fishes) with a time lag 
of one month (Table 2.25, Fig. 2.19c and d). 
2.3.3.2 Canonical correlations between algal and herbivorous species 
A Ma Wan 
The two linear combinations of algae and herbivores correlated significantly on the first 
(p=0.001) and second (p=0.022) correlations in the canonical model (Table 2.26a). In the 
first pair, coralline algae had positive correlations with Euplica scripta, Bathygobius 
meggetti, hermit crabs and large herbivores (Table 2.26b). Lobophora variegata had 
negative correlations with all the herbivorous variables. Lobophora variegata and 
Bathygobius meggetti had the highest canonical loadings in each linear combination of the 
first set，indicating that they explained most of the variance in the model. 
In the second pair, turf algae had a positive relationship with Bathygobius meggetti, but 
negative relationships with Euplica scripta and large herbivores (Table 2.26b). Amphiroa 
ephedraea, Corallina pilulifera, Laurencia japonica, Padina australis and turf algae had 
positive relationships with Euplica scripta and large herbivores, and negative relationship 
with Bathygobius meggetti. 
When time lag of one month was presented, significant correlation (p<0.001) was found 
between the two linear combinations of algae and herbivores (Table 2.27a). Amphiroa 
ephedraea, Corallina pilulifera, Hypnea charoides, Laurencia japonica and Padina 
australis had positive relationships with Euplica scripta, hermit crab and large herbivores, 
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but Lobophora variegata had negative relationship with the above herbivore taxa (Table 
2.27b). 
A Ye Wan 
No significant canonical correlations between algal and herbivorous species were found in 
A Ye Wan both in the presence and absence of one-month time lag (Tables 2.28 and 2.29). 
Lung Lok Shui 
First set of canonical correlation was significant (p=0.005) between the two pairs of 
canonical variates (Table 2.30a) with encrusting algae having negative relationships with 
hermit crabs, Sebastiscus marmoratus and small herbivores (Table 2.30b). The alga 
Galaxaura oblongata, in contrast, had positive relationship with the three types of 
herbivores. The contributions from Galaxaura oblongata and hermit crabs were more 
important than those from the other variables. 
In the presence of one-month time lag, algae and herbivores had significant canonical 
correlation (p=0.002) in the first set of linear combination (Table 2.31a). The cross 
loadings indicated that Galaxaura oblongata, Hypnea charoides, Sargassum spp. and 
other algae had positive relationships with Chlorostoma rustica, Sebastiscus marmoratus, 
hermit crabs and small herbivores. Negative relationships were found between Corallina 
pilulifera and Lobophora variegata with the above mentioned herbivore taxa (Table 
2.31b). 
2.3.4 Water temperature and its relationships with the abundance, richness and diversity of 
algae and herbivores 
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Mean monthly water temperature was the lowest in January 03 and January 04 at 17.0°C 
and 17.4°C respectively. The temperature increased progressively and reached the highest 
at 29.6°C in August 03 (Fig. 2.21). 
Time lagged temperatures of one to three months were significantly negatively correlated 
with algal coverage，both including and excluding the turf algae, in A Ma Wan (Table 
2.32). Negative correlations were also observed between one to three month time lagged 
water temperature and algae species richness in the three sites (Table 2.33). Species 
diversity of algae in Lung Lok Shui showed negative correlations with time lagged 
temperature of one to two months. 
Densities of herbivores in A Ye Wan and Lung Lok Shui, both including or excluding 
fishes, were found to be negatively correlated with temperature at a time lag of three 
months (Table 2.32). Significant negative correlations were found between water 
temperature and herbivore species richness in A Ma Wan and A Ye Wan (Table 2.33). Such 
significant results were shown at the time lag of one to two months in A Ma Wan, but zero 
to one-month time lag in A Ye Wan (Table 2.33). Water temperature and herbivore 
diversity only had significant negative correlations at the time lag of one to two months in 
Lung Lok Shui (Table 2.33). 
2.4 Discussion 
2.4.1 Spatial distribution of algae and herbivores 
Algae found in Lung Lok Shui were generally larger in size than those in A Ma Wan and 
A Ye Wan (personal observation). In the absence of the coral zones, algal bed in Lung Lok 
Shui extends to -10m C.D in depth. In contrast, algal zones in A Ma Wan and A Ye Wan 
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are limited in shallow water regions. They are exposed to the air during very low tide in 
summer. Due to the extents of algal bed in Lung Lok Shui, zonations of algal distribution 
could be observed, whilst the algal zonations in A Ma Wan and A Ye Wan are not obvious. 
Spatial distributions of algae were investigated statistically. 
The abundance of algae, including turf algae, in A Ma Wan, A Ye Wan and Lung Lok Shui 
was significantly different. When turf algae were included in the analysis, algal 
percentage cover in A Ye Wan was greater than that in the other two sites. In A Ye Wan, 
both turf algae and large foliose algae, such as Lobophora variegata, Sargassum spp. and 
Padina australis, contributed almost evenly to the high algal percentage cover of over 
100% in 15 of the 18 months surveyed. In A Ma Wan, turf algae were the super dominant 
algae recorded that contributed 77% to the total algal cover in the survey. The percentage 
cover of algae in A Ma Wan was more stable over time, at around 90%. This was mainly 
due to the relatively low abundance of foliose algae. Coverage of algae in Lung Lok Shui 
was not as great as expected. Besides turf algae, only Sargassum spp. were dominant with 
high coverage in Lung Lok Shui and the other foliose algae were not as dominant as those 
found in A Ye Wan. 
Turf algae were excluded from the second set of analysis. Due to their dominance, 
dynamics of the other algal species may not be detected as they may be masked by turf 
algae. Once the turf algae were excluded in the analysis, A Ma Wan became the site with 
the lowest algal cover. As the turf algae contributed heavily to the algal cover in A Ye Wan, 
coverage of algae in A Ye Wan became similar to that in Lung Lok Shui when the turf 
algae were removed from the analysis. 
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Besides algal coverage, species richness between sites was also investigated in this study. 
Although there was no significant difference in the algal species richness between sites, 
the species richness of Lung Lok Shui may be underestimated as it was impossible to 
identify Sargassum at the species level in situ when the plants were in their juvenile stages. 
Hence, all Sargassum species were categorized as one group in the present study. In Lung 
Lok Shui, Sargassum spp. included at least five species: Sargassum fusiforme, Sargassum 
hemiphyllum, Sargassum henslowianum, Sargassum patens and Sargassum siliquastrum 
(Ang et al., 2004). 
Species diversity is a useful tool to describe the community structure, apart from its 
species abundance and richness. A high species diversity implies a highly complex 
community in which there are interactions among the variety of species (Putman, 1994). 
The relatively high Shannon diversity index of algae in all three sites could be explained 
by the presence of the relatively evenly distributed number of individuals among the 
species. 
Composition of organisms is also one of the major descriptors of community ecology. The 
composition of algae varied between sites. Although the R statistic showed that the algal 
composition of these three sites overlapped, a clear difference could still be observed. The 
R statistic is a parameter showing the degree of differences between variables. The R 
statistics between Lung Lok Shui and A Ma Wan, Lung Lok Shui and A Ye Wan were 
greater than that between A Ma Wan and A Ye Wan, indicating that the composition of 
algae in Lung Lok Shui was clearly different from those of the other two sites. The algal 
composition in A Ye Wan was a transition between A Ma Wan and Lung Lok Shui. 
Caulerpa racemosa, Dictyota dichotoma, Padina arb ores certs and Corallina pilulifera 
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were more common in Lung Lok Shui. The clear difference in algal composition in Lung 
Lok Shui was contributed by the presence of unique algal species in this site, e.g. 
Ceratodictyon spongiosum, Hydroclathrus clathratus, Hypnea japonica and Galaxaura 
oblongata, which were not recorded in the other two sites. 
Several hypotheses could be put forward to explain the differences in the algal 
composition observed in different sites. The first one is the differences in wave exposure 
between sites. Lung Lok Shui is generally more exposed to strong waves than A Ye Wan 
and A Man Wan, except under the occasional north-easterly wind in winter. Thick 
diffusion boundary layers, the layers formed adjacent to the thallus for uptake and release 
of ions, are present under slow water movement or stagnant water (Hurd et al., 1996). The 
thick layers reduce the rate of transfer of inorganic carbon and nutrients to the algal 
surface, hence, lower the algal growth rate (Fujita and Goldman, 1985; Hurd et al., 1996). 
Some studies showed that changes in pH due to water motion could influence the 
physiology of the algae. Maberly (1990) showed that slow water movement could 
accumulate photo synthetic product OH" ions and increased the pH level of seawater. This, 
in turn, affects the equilibrium in the carbonate buffer system and eventually, CO3 “ 
constitutes most of the available inorganic carbon to algae. Since most algae could not 
utilize CO32", the photo synthetic and growth rates may be reduced under such 
circumstances (Maberly, 1992; Hurd, 2000). Besides, rapid water mixing in exposed shore 
could ensure the transportations of spore to become more thorough (Paine, 1988). As a 
result, spores of different algal species are available to the shore with greater water motion， 
resulting in a more diverse algal assemblage in Lung Lok Shui. 
The second hypothesis is the coral-algal interaction. Coral-algal interactions are 
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well-documented to be detrimental to both algae and corals. Seawater in Hong Kong is 
relatively turbid. To compete for light for photosynthesis, corals and algae must also 
compete for the substratum at shallow regions. Algal cover had a strong negative 
relationship with the abundance of coral, Oculina arbuscula, in both local and regional 
scales in North Carolina (Miller and Hay, 1996). Scleractinian corals in Lung Lok Shui 
are sparsely distributed. Most of them are in flatten forms (personal observation). Those in 
A Ma Wan and A Ye Wan are densely distributed and grow in various forms. This suggests 
that Lung Lok Shui may not be a favorable place for corals to live on, and hence, sparse 
coral coverage could also free space for the settlement of algal propagules. Algae, 
therefore, could find a place to settle more easily in Lung Lok Shui than in the other sites. 
The composition of algae was clearly different between the three study sites in Tung Ping 
Chau. In a smaller scale, aggregation or patchiness of algae was observed in all sites. This 
patchiness may be due to the limited dispersal of the propagules with a denser settlement 
of propagules near the parent algae. Up to 96% of propagules of Sargassum spinuligerum 
were found within 0.25m of the parent thalli (Kendrick and Walker, 1991). In Gran 
Canaria of Africa, Cladophoropsis membranacea dispersed in a short distance within 5m 
(Han et al., 2003). Aggregation can be an adaptation. On rocky intertidal shore, 
photoinhibition and desiccation could occur once the algae are emerged during low tide. 
By clumping together, algae could be protected by retaining surface moisture (Somerfield 
and Jeal, 1996). However, limited desiccation stress is found in subtidal algae. Instead, 
aggregation in cracks, holes or simply on flat substratum in a large patch serves well as 
spatial refuges against herbivores (Duffy and Hay, 1990). 
Spatial variation in the morphology of algae was noted in this study. Ruffled form of 
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Lobophora variegata was always observed in Lung Lok Shui but most of them were in 
encrusting form in A Ma Wan and A Ye Wan. Coen and Tanner (1989) emphasized that the 
variations in Lobophora variegata morphologies might be a result of response to different 
herbivory levels. Ruffled form was more preferred than encrusting form by fishes and 
crabs (Coen and Tanner, 1989). Nevertheless, this explanation may not be applicable to 
explain the morphological differences in Lobophora variegata observed in this study. The 
grazing pressure in Lung Lok Shui was as high as in A Ye Wan, but greater than in A Ma 
Wan. Based on the argument of Coen and Tanner (1989), the morphologies of Lobophora 
variegata in Lung Lok Shui should be similar to those in A Ye Wan. However, this is 
clearly not the case. The reason for the morphological difference of this species in these 
sites is unclear. 
Similar to algal dynamics, those of herbivores showed differences between sites too. 
Densities of herbivores in the studied sites were significantly different. The densities were 
found to be lowest in A Ma Wan, while those in A Ye Wan and Lung Lok Shui were 
relatively similar. The abundance of turf algae and the lack of large foliose algae in A Ma 
Wan may reduce the availability of shelter for herbivores. As a consequence, the 
herbivores would be more easily preyed by the carnivores in the area (Stachowicz and 
Hay, 1999). When herbivorous fishes were excluded in the analysis, a similar result was 
observed, suggesting that herbivorous fishes were not dominant. They constituted only a 
small proportion of the whole herbivorous communities, hence their impact was small. 
Though A Ye Wan had similar high density of herbivores as Lung Lok Shui, its species 
diversity was significantly the least among the three sampling sites. Species diversity 
reflects both the evenness and species richness of a site (Putman，1994). Since the species 
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richness of herbivores in these three sites was almost the same and statistically not 
significantly different, the uneven distribution of the number of herbivores in A Ye Wan 
contributed to the low diversity. In A Ye Wan, Euplica scripta made up 69% of the whole 
herbivorous community over the sampling period. However, it contributed only 42% and 
53% of the most dominant herbivores in A Ma Wan and Lung Lok Shui respectively. This 
super dominance by one single herbivore species in A Ye Wan was the main reason for its 
low diversity. 
Herbivore composition in Lung Lok Shui was well separated from those in A Ma Wan and 
A Ye Wan in the MDS plot. The most dominant herbivores in A Ma Wan and A Ye Wan 
were the same, including Euplica scripta, hermit crabs, Bathygobius meggetti, Cerithidea 
spp. and Sebastiscus marmoratus. In contrast, three out of the five most dominant 
herbivores, Anthocidaris crassispina, Chlorostoma rustica and Siganus canaliculatus, in 
Lung Lok Shui were rarely found in the two sheltered sites. Anthocidaris crassispina and 
Chlorostoma rustica generally have larger foot for adhesion under strong water motion. In 
contrast, small herbivores, such as Euplica scripta and hermit crabs, get washed away 
easily due to their small foot or absence of adhesive foot. The presence of Menaethius 
monoceros, Anthocidaris crassispina and Epitonium perplexa only in Lung Lok Shui 
contributed to the large difference in its herbivore composition from that of the other two 
sampling sites. 
2.4.2 Seasonal distributions of algae and herbivores 
Percentage cover of algae changed with time and followed different trends in different 
locations. In general, the cover of algae in summer was very different from that in the 
other seasons, except in A Ma Wan when turf algae were dominated all throughout. In 
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addition, the species richness, diversity and composition of algae in these study sites 
exhibited seasonal differences. January to May 03 (winter to early spring time) was the 
first cycle showing increasing algal richness and diversity. The second cycle started about 
a half year later in November 03 (late autumn) with an increase in species richness. The 
seasonal variations in the diversity, composition and coverage of algal communities 
differed significantly among the three sites. Seasonal variation in algal cover in a locality 
is well documented (Ballesteros, 1991; Williams, 1993; Sala and Boudouresque, 1997; 
Kaehler and Williams, 1998). Williams (1993) found similar result with that of the present 
study, showing algal species richness and coverage to reach their peaks in the winter and 
to be low during summer on Hong Kong rocky intertidal shores. 
Algae recorded in summer were mostly perennial and presumably, have better tolerance to 
adverse summer conditions. In general, coralline algae, encrusting algae, Lobophora 
variegata, Sargassum spp. and turf algae were common in summer. Encrusting algae were 
believed to be comparatively tolerant to physical stress (Lubchenco and Cubit, 1980; 
Littler et al., 1983). Some algae exhibit heteormorphic life history with three primary 
stages (Lubchenco and Cubit, 1980). Upright filament, tube or blade forms are the stage 
in the periodic algal blooms, followed with a non-upright crust and finally small 
filamentous tuft. Following the arguments by Lubchenco and Cubit (1980), the higher 
adaptability of crustose and turf forms may be the reason for the high dominance of 
coralline, encrusting, turf algae and crustose form of Lobophora variegata observed in 
summer in the present study. 
Evolutionary advantages were associated with algae that start their growth in winter with 
reduced growth rate in summer (Luning, 1993). It is wise to start growth during early 
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winter by using the stored carbon. Once summer arrives, algae mostly stop growing 
although sufficient light and nutrients were available. Instead, they may allocate the 
assimilated carbon to reserve materials for the survival in winter (Luning, 1993). The 
reproductive history of algae can affect algal composition temporally. Kong (2002) 
indicated that more algal propagules were found in late winter and spring in A Ma Wan, 
the maximum growing or reproductive seasons of algae. Increase in temperature is the 
physical factor that is most commonly used to explain such changes. However, such 
phenomenon is only well studied in the intertidal region. Intertidal brown alga, Padina 
canaliculata stopped growing when the water temperature reached 20°C and the growth 
rate decreased thereafter (Pfetzing et al., 2000). The increase in growth may be attributed 
by a faster photosynthetic rate at a lower temperature (Mathieson and Norall, 1975a, b). 
Beardall et al. (2003) believed that respiration rate increased more than the rate of 
photosynthesis when temperature increased. Eventually, the growth rate was reduced in 
summer due to the high rate of respiration and a lack of photosynthetic surplus in the 
warm period. Alternately, algae in winter could grow properly from the maximum net 
gain of photosynthesis under low respiration rate. In the present study, temperature was 
detected to have negative correlations with the coverage of algae in A Ma Wan, with or 
without turf algae, with the species richness of algae in all three sites and with species 
diversity of algae in Lung Lok Shui. This implies that temperature did play some roles in 
triggering changes in the algal communities, but the influences were site specific as the 
community structures and environmental conditions vary with sites. 
Hong Kong is usually exposed to typhoon disturbance during summer, bringing heavy 
seas under gale-force winds (Hong Kong Observatory, 2005). A drop of algal coverage 
was recorded in August 03 at A Ye Wan and Lung Lok Shui after the visit of typhoon 
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Imbudo with gusty wind greater than 180 km/hr. The damage by the typhoon was 
comparatively more obvious in Lung Lok Shui, owing to the tearing of large foliose algae, 
Sargassum spp” from the substratum. The loss, however, recovered quickly in two-month 
time, with algal cover reaching peaks on October 03 in A Ye Wan and Lung Lok Shui. 
Hutchinson and Williams (2003) also concluded that the pulse disturbances brought by 
typhoon would not bring any long-term effects on algal cover. Typhoon disturbance 
played a minor role in A Ma Wan due to the fact that smaller encrusting or crustose forms 
of algae were less prone to removal by strong waves. 
Field observations indicated that there were temporal variations in the reproductive cycles 
of Sargassum spp. in A Ye Wan and Lung Lok Shui between years. In both sites, 
receptacles first appeared in January 03 and the main branches decayed subsequently. In 
less than a year time in October 04, receptacles appeared again, but the structures 
disappeared at the end of November 04. The reproductive structures of Sargassum 
siliquastrum in Lung Lok Shui appeared from October 99 to January 00 and November 00 
to January 01 (Kong, 2002). Present observations suggested that the reproductive season 
of Sargassum spp. arrived earlier in October 04 and was shorter. Although the reason for 
the appearance of early reproductive season is unknown, this may be related to 
environmental factors, such as duration and frequencies of thalli being emergent at low 
tide (Kuribara and lima, 1999), seawater temperature and nutrients (Arenas and Fernandez, 
1998). The possibility of this observed phenomenon resulting from the emergence at low 
tide is negligible, since Sargassum spp. in these two sites were seldom emerged. Arenas 
and Fernandez (1998) concluded that an earlier reproductive development of Sargassum 
muticum occurred in warmer years. From the records of the Hong Kong Observatory 
(2005)，the mean temperature during summer (July to September) in 2004 was 0.53°C 
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higher than in 2003. Thus, temperature was a possible cause of the apparent earlier 
formation of reproductive structures in Sargassum spp. in 2004. 
Seasonal differences in herbivore densities, richness and composition were also observed 
in this study. Higher densities and more species of herbivores were found in spring to 
early summer. In A Ye Wan, the presence of crabs, Halichoeres nigrescens, hermit crabs, 
Nerita albicilla, Parupeneus indius’ Siganus canaliculatus, Tectus pyramis and 
Temnopleurus toreumaticus contributed to the significant variation in species composition 
from spring to summer and autumn. The composition of herbivores in spring in Lung Lok 
Shui was different from those in autumn and summer. Crabs, Euplica scripta, Halichoeres 
nigrescens, hermit crabs, Menaethius monoceros, Nerita albicilla, Parupeneus indius, 
Sebastiscus marmoratus, Siganus canaliculatus and white urchin played vital roles in 
contributing to this difference. The appearance of more herbivores in spring may be 
related to the reproductive cycles of different species (Lubchenco and Gaines, 1981)， 
although information on these cycles is not available in Hong Kong. 
The relationships between herbivore and temperature were evaluated by correlation 
analysis. Significant negative correlations were found between temperature and some of 
the herbivore parameters in different sites. The responses of herbivore dynamics to 
temperature were seldom investigated in previous studies. As a consequence, any direct 
interactions between herbivores and temperature are largely unknown. Temperature may 
affect herbivores indirectly by altering the dynamics of algae, as the appearance of 
herbivores is affected by the presence of algae. 
2.4.3 Interactions between algae and herbivores 
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The overall relationships between algae and herbivores were investigated by the Pearson 
correlations based on changes in algal percentage cover and herbivore densities. Peak 
herbivorous densities, both including and excluding fishes, appeared three months later 
than the peak of non-turf algae in A Ma Wan. By adjusting the time lag i.e. by moving the 
densities of herbivores two and three months forward, significant positive correlations 
between non-turf algae and herbivores in A Ma Wan could be detected. Algae provide 
both refuges, food sources and nursery grounds for herbivores. Hence, algal dynamics can 
directly influence the dynamics of herbivores (Morrison, 1988; Konar，2000; Chavanich 
and Harris, 2002). There were evidences to show that the small herbivorous gastropod 
Lacuna vincta preferred the algae Laminaria saccharina’ Ulva lactuca, Chordaria 
flagelliformis as their food sources. Hence, their seasonal growth patterns were similar to 
those of the algae (Chavanich and Harris, 2002). It is difficult to separate the relative 
importance of algae as food or refuges. Sotka et al. (1999) examined the influence of 
algae as refuges by using a non-herbivorous amphipod. The study indicated that almost all 
populations of Halimeda tuna were colonized by amphipods and the algae were large 
enough to serve as refuge for the amphipod to avoid predation by fishes. 
Time lags were adjusted in the correlation analysis between algae and herbivore. The 
interaction between algae and herbivores may be similar to that between prey and predator. 
The latter is one of the most important concepts in ecology and was first shown by the 
Lotka-Volterra prey-predator model (Polis and Winemiller, 1996). The model is seldom 
used to explain the macroalgal-herbivore relationship in the marine environment, but has 
been extensively applied in phytoplankton dynamics (Thingstad and Sakshaug, 1990; 
Connolly and Roughgarden, 1999). In this study, significant positive correlations were 
exhibited between the abundance of algae (excluding turf) and herbivores in the presence 
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of two to three months of time lag. The herbivore population (predator) built up after the 
sharp bloom of the non-turf algae (prey) in A Ma Wan, resulting from sufficient food 
sources and refuges. After a while, the population of algae decreased owing to the grazing 
effects by herbivores or simply as a part of the natural die back. As food sources and 
refuges were lacking, the herbivores followed the trend of algae and decreased in their 
abundance. Based on the prey-predator model, the prey population should increase and 
the cycle would start again. In the present case, the algal cover did increase from 
November 03 on, seemingly the beginning of another dynamic cycle. 
The relationships between algae and herbivores are site specific in Tung Ping Chau, 
indicating that the distribution of algae may be controlled by the combined effects of 
herbivory, algal recruitment and composition, as well as environmental conditions. Like 
the example in the Great Barrier Reef, the distribution of Sargassum spp. behaved 
differently at the Great Palm Island and the Brook Island, and this may result from the 
differences in the patterns of herbivory and recruitment in different sites (McCook, 1997). 
In the presence of one-month time lag, the cover of algae (excluding turf) and the density 
of herbivores had significant negative correlations in A Ye Wan. Macroalgae grew 
extensively when herbivores were in low abundance in October 03. The negative 
relationship may result from the tissue damages from herbivory and the presence of 
deterrents in algae to limit distribution and fitness of herbivores (Hay, 1981; Karban and 
Niho, 1995; McCook, 1997). Sargassum spp. at the Great Palm Island, the central Great 
Barrier Reef, survived in the coral-zone only if herbivores were excluded (McCook, 1997). 
However, since the algal composition in A Ma Wan was dominated by Lobophora 
variegata, a highly deterrent and unpalatable algal species, Euplica scripta had positive 
relationships with this alga and sought as refuges or nursery grounds in A Ma Wan. In the 
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third site, Lung Lok Shui of the study, no significant relationships were found between the 
abundance of algae and herbivore density too. 
On top of the overall relationships, the specific relationships between particular algal and 
herbivore groups were studied by the canonical correlation. This correlation analyzes the 
relationships between two sets of variables, the algal and herbivorous species composition 
and abundance in this study (Tabachick and Fidell, 1996). More than one possible 
interaction between these two sets of variables may be present. However, mostly only the 
first two combinations of correlations are significant. The first set of canonical correlation 
indicates that in A Ma Wan, increases in the cover of coralline algae, encrusting algae and 
Padina australis and decrease in the cover of Lobophora variegata resulted in increases 
in the abundance of Euplica scripta, Bathygobius meggetti, hermit crabs and large 
herbivores. In another case in A Ma Wan, blooms of Corallina pilulifera, encrusting algae, 
Laurencia japonica, Padina australis and algae grouped as 'others' and low coverage of 
turf algae, could result to increases in Euplica scripta, large herbivores and reduction of 
Bathygobius meggetti. The relationships changed in the presence of one month time lag of 
moving herbivore density forward, in which the increases of Amphiroa ephedraea, 
Corallina pilulifera, Hypnea charoides, Laurencia japonica and Padina australis could 
boost the number of Euplica scripta, hermit crab and herbivores grouped as ‘large 
herbivores'. However, Lobophora variegata could restrict these three groups of 
herbivores in A Ma Wan. The complex interactions between the algae and the herbivores 
were revealed differently in different sites. In Lung Lok Shui, high cover of Galaxaura 
oblongata and algae grouped as 'others', and a reduction in the cover of the encrusting 
algae and Lobophora variegata, could result in the rise in the density of hermit crabs, the 
fish Sebastiscus marmoratus and small herbivores. When one month time lag was 
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considered, the increase in the cover of Galaxaura oblongata, Sargassum spp. and other 
algae grouped under 'others', together with the drop of the cover of Corallina pilulifera 
and Lobophora variegata could increase the densities of Chlorostoma rustica, hermit 
crabs, Sebastiscus marmoratus and 'small herbivores'. Some consistent trend may be 
exhibited by the macroalgal herbivore interactions in A Ma Wan and Lung Lok Shui, as 
revealed by the Canonical Correlation Analysis. Lobophora variegata, potentially, was 
always avoided by the herbivores. In contrast, Padina australis and Padina arborescens 
were favored by most herbivores. Padina australis and Padina arborescens are also 
brown algae, like Lobophora variegata. Their preference by the herbivores may be more 
related to their ability to serve as a shelter or refuge to these herbivores, rather than as 
food. Phlorotannnins are common secondary metabolites present in brown algae (Hay, 
1988; Hammerstrom et al., 1998; Arnold and Targett, 2000). These secondary metabolites 
can serve as a deterrent against herbivory by reducing the efficiency of the digestive 
process in the herbivores. They also exhibit an astringent taste (Targett and Arnold, 1998; 
Arnold and Targett, 2000). Lobophora variegata has been shown to consist of 
phlorotannins and has demonstrated rapid rates of turnover. Hence, it is commonly 
avoided by herbivores (Arnold and Targett, 2000). On the other hand, Padina spp. are the 
only calcareous brown algae. Deposition of calcium carbonate is also believed to be a 
form of deterrent against herbivory. 
Two kinds of statistical analysis, Pearson correlation and canonical correlation, were 
implemented to investigate the interactions of algae and herbivores in the three study sites. 
The Pearson correlation illustrates the overall relationships between algae and the 
herbivores in reference respectively to their total percentage cover and total densities at a 
particular sampling date. Specific relationships between algal and herbivore species are 
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better indicated through the loadings of each species or groups in the canonical 
correlations. These two analyses, however, did not show consistent results about the 
macroalgal-herbivore interaction as they provided the interpretations at two different 
levels. Significant relationships between algae and herbivores were recorded in the 
canonical correlations for A Ma Wan and Lung Lok Shui, but not in the Pearson 
correlations. This may be so because the effects from the algae or the herbivore species 
may have been masked by each other. In which case, canonical correlations were more 
effective in drawing out the specific relationship between groups. 
Different patterns of algal and herbivore dynamics together with the patterns of their 
interactions were found among the three study sites in Tung Ping Chau. Such 
inconsistencies may be due to the combined effects of differences in physical parameters, 
algal and herbivore compositions. Algal and herbivore compositions in Lung Lok Shui 
were different from those in A Ma Wan and A Ye Wan as Lung Lok Shui is an exposed site 
with sufficient bare rock surfaces for algae to grow on. Such environment provided 
benign conditions for large algae, like Sargassum spp. and Padina arborescens, to 
develop as the increased wave exposure could facilitate ions, inorganic carbon and 
nutrients uptake by these large algae (Fujita and Goldman, 1985; Hurd et al., 1996). The 
presence of bare rock encouraged the successful recruitment of algae. The variations in 
algal composition in A Ma Wan and A Ye Wan were unlikely to be contributed by physical 
parameters as the physical parameters in these two sites are relatively similar. However, 
the variations may be due to the availabilities of propagules. The dispersal distances of 
algae are limited. In the case of Sargassum spinuligerum, approximately 96% of its 
propagules settled less than 0.25m from the parent plant (Kendrick and Walker, 1991). 
Algal composition between rock surfaces (less than 10m apart) in the same site in A Ma 
55 
Chapter 1 
Wan and A Ye Wan differed greatly too, supporting the hypothesis that the physical 
parameters were not as important as the availability of propagules in creating differences 
in algal composition between sites. Some micro-environmental variations, however, are 
known to differ between distances at the scale of centimeters or meters. These 
micro-environmental parameters could be important in affecting recruitment success of 
algae, hence algal composition between and within sites. Wave exposure is also likely to 
be crucial in determining the herbivore composition between the study sites, as exposure 
tolerant herbivores, like Anthocidaris crassispina and Chlorostoma rustica, were only 
recorded in Lung Lok Shui, but not in relatively sheltered A Ma Wan and A Ye Wan. This 
resulted in clear separation of herbivore composition in Lung Lok Shui from the other two 
sites in the MDS plot. As the algal and herbivore composition changed with sites, so 
would be their interaction patterns. 
In summary, ephemeral algae appeared during late autumn and winter during the study 
period. However, the timing of the highest algal percentage cover varied with sites. When 
turf algae were excluded in the analysis, Lung Lok Shui and A Ye Wan had a greater 
coverage of algae, dominated respectively by Sargassum spp. and both Lobophora 
variegate and Padina australis. Algal composition in A Ye Wan overlapped with that 
between A Ma Wan and Lung Lok Shui. Similarly, in terms of densities, more herbivores 
were recorded in A Ye Wan and Lung Lok Shui. However, the herbivore composition in 
Lung Lok Shui, which was mainly dominated by Anthocidaris crassispina and 
Chlorostoma rustica, was different from that of the other two sites. The relationships 
between algae and herbivores also changed with sites, in which positive interactions were 
recorded in A Ma Wan, but negative relationships in A Ye Wan. Variations in algal and 
herbivore composition as well as their interactions among sites may be a result of the 
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complex linkages between physical parameters, like wave exposure, and the biological 
parameters, such as the availability of propagules, growth and development of the 
different algal and herbivore species. 
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Table 2.1 (a) Results of statistical test comparing the percentage cover of algae in A Ma 
Wan, A Ye Wan and Lung Lok Shui by Kruskal-Wallis one-way ANOVA. (b) Differences 
in percentage cover of algae between sites evaluated by the Mann-Whitney Rank Sum 
Test. 
� 
Chi-Square DF p 
Percentage Cover of Algae 6.751 2 0.034 
(b) 
Comparisons p 
A Ma Wan vs. A Ye Wan 0.004 
A Ma Wan vs. Lung Lok Shui 0.572 
A Ye Wan vs. Lung Lok Shui 0.123 
A Ye Wan > A Ma Wan = Lung Lok Shui 
Table 2.2 Results of one-way ANOVA on differences in the percentage cover of algae 
(excluding turf algae) in A Ye Wan, A Ma Wan and Lung Lok Shui. 
SS DF MS F p 
Between sites 19738.346 2 9869.173 17.218 <0.001 
Within site 25794.252 45 573.206 
Total 45532.599 47 
Kolmogorov-Smirnov Test: Z = 0.597，p = 0.868 
Test of Homogeneity of Variances: Levene Statistic = 0.379, p = 0.687 
Tukey HSD Test: A Ma Wan < A Ye Wan = Lung Lok Shui 
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Table 2.3 List of algal species recorded in A Ma Wan, A Ye Wan and Lung Lok Shui in 
general surveys over the sampling period from November 02 to March 04. 
AMW AYW LLS 
Chlorophyceae Caulerpa racemosa * * * 
Caulerpa taxifolia * 
Ceratodictyon spongiosum * 
Chaetomotpha brachygona * 
Cladophora delicatula * 
Dictyosphaeria cavernosa * * * 
Ulva lactuca * * * 
Phaeophyceae Colpomenia sinuosa * * * 
Dictyota dichotoma * * 
Hydroclathrus clathratus * 
Lobophora variegate * * * 
Padina arborescens * * * 
Padina australis * * * 
Sargassum spp. * * * 
Rhodophyceae Amphiroa ephedraea * * * 
Ceramium sp. * * * 
Corallina pilulifera * * * 
Coralline algae * * * 
Galaxaura oblongata * 
Gelidium amansii * * 
Gracilaria verrucosa * * * 
Hypnea charoides * * * 
Hypnea japonica * 
Laurencia japonica * * * 
Laurencia jejuna * 
Pterocladia nana * * 
Others Encrusting algae * * * 
Turf algae * * * 
No. of species 20 22 23 
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Table 2.4 Results of one-way ANOVA on differences in the species richness of algae in A 
Ye Wan, A Ma Wan and Lung Lok Shui. 
SS DF MS F p 
Between sites 0.044 2 0.022 0.001 0.999 
Within site 625.200 42 14.886 
Total 625.244 44 
Kolmogorov-Smirnov Test: Z = 1.105, p = 0.174 
Test of Homogeneity of Variances: Levene Statistic = 0.589，p =0.562 
Table 2.5 Results of one-way ANOVA on the Shannon diversity index of algae in A Ye 
Wan, A Ma Wan and Lung Lok Shui. 
SS DF MS F p 
Between sites 0.793 2 0.396 15.695 <0.001 
Within site 1.061 42 0.025 
Total 1.854 44 
Kolmogorov-Smirnov Test: Z = 0.782，p = 0.573 
Test of Homogeneity of Variances: Levene Statistic = 5.878, p = 0.095 
Tukey HSD Test: A Ma Wan = A Ye Wan < Lung Lok Shui 
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Table 2.6 Spatial comparison of algae in A Ma Wan (AMW), A Ye Wan (AYW) and Lung 
Lok Shui (LLS) based on the percentage cover of each species in the general surveys 
from November 02 to March 04. (a) One-way ANOSIM tests on the spatial distribution 
(b) Pairwise test between sites. 
(a) 
Sample statistic (Global R) p 
Sites 0.524 0.001 
(b ) 
Groups R Statistic Interpretations 
AMW, AYW 0.406* Overlapping but clearly different 
AMW, LLS 0.660* Overlapping but clearly different 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.10 Seasonal comparison of algae in A Ma Wan based on the percentage cover of 
each species in the general surveys from November 02 to March 04 in the general surveys, 
(a) One-way ANOSIM tests on the seasonal distribution (b) Pairwise test between 
seasons. 
(a) 
Sample statistic (Global R) p 
Season 0.461 0.009 
(b ) 
Groups R Statistic Interpretations 
Autumn, Winter 0.605* Overlapping but clearly different 
Autumn, Spring 0.774* Well separated 
Autumn, Summer -0.291 Overlapping but clearly different 
Winter, Spring 0.395 Overlapping but clearly different 
Winter, Summer 0.427 Overlapping but clearly different 
Spring, Summer 0.583 Overlapping but clearly different 
* p<0.05 
Table 2.11 Seasonal comparison of algae in A Ye Wan based on the percentage cover of 
each species in the general surveys from November 02 to March 04 in the general surveys. 
Summary of one-way ANOSIM tests on the seasonal distribution is shown. 
Sample statistic (Global R) p 
Season 0.099 0.171 
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Table 2.12 Seasonal comparison of algae in Lung Lok Shui based on the percentage cover 
of each species in the general surveys from November 02 to March 04 in the general 
surveys, (a) One-way ANOSIM tests on the seasonal distribution (b) Pairwise test 
between seasons. 
� 
Sample statistic (Global R) p 
Season 0.371 0.019 
(b) 
Groups R Statistic Interpretations 
Autumn, Winter 0.389 Overlapping but clearly different 
Autumn, Spring 0.519 Overlapping but clearly different 
Autumn, Summer -0.036 Barely separate 
Winter, Spring 0.185 Barely separate 
Winter, Summer 0.395 Overlapping but clearly different 
Spring, Summer 1 Well separated 
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Table 2.13 Results of one-way ANOVA on differences in the density of herbivores in A Ye 
Wan, A Ma Wan and Lung Lok Shui. Data were log(x+l) transformed. 
SS DF MS F p 
Between sites 0.280 2 0.140 9.634 < 0.001 
Within site 0.697 48 0.015 
Total 0.976 50 
Kolmogorov-Smirnov Test: Z = 0.668, p = 0.764 
Test of Homogeneity of Variances: Levene Statistic = 1.481, p = 0.238 
Tukey HSD Test: A Ma Wan <A Ye Wan = Lung Lok Shui 
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Table 2.14 Results of one-way ANOVA on differences in the density of herbivores 
(excluding fishes) in A Ye Wan, A Ma Wan and Lung Lok Shui. Data were log(x+l) 
transformed. 
SS DF MS F p 
Between sites 0.267 2 0.134 12.515 < 0.001 
Within site 0.449 42 0.011 
Total 0.716 44 
Kolmogorov-Smirnov Test: Z = 0.602, p = 0.862 
Test of Homogeneity of Variances: Levene Statistic = 1.889，p = 0.164 
Tukey HSD Test: A Ma Wan < A Ye Wan = Lung Lok Shui 
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Table 2.15 List of herbivorous species recorded in A Ma Wan, A Ye Wan and Lung Lok 
Shui in the general surveys over the sampling period from November 02 to March 04. 
A Ma Wan A Ye Wan Lung Lok Shui 
Crustacea Crab * * * 
Hermit crabs * * * 
Menaethius monoceros * 
Echinoderm Anthocidaris crassispina * 
Temnopleurus toreumaticus * * * 
Molluscs Aplysia juliana * * 
Astraea rhodostoma * * 
Cerithidea spp. * * 
Chlorostoma rustica * * * 
Cypraea arabica * * 
Epitonium perplexa * 
Euplica scripta * * * 
Flabellina ornata * 
Lunella coronata * 
Mitra sp. * * 
Nerita albicilla * * * 
Siphonaria japonica * * * 
Tectus pyramis * * 
Pisces Amblygobius phalaena * 
Bathygobius meggetti * * * 
Halichoeres nigrescens * * * 
Parupeneus indicus * * * 
Sebastiscus marmoratus * * * 
Siganus canaliculatus * * * 
No. of species 18 IS 
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Table 2.16 Results of one-way ANOVA on differences in the species richness of 
herbivores in A Ye Wan, A Ma Wan and Lung Lok Shui. 
SS DF MS F p 
Between sites 32.844 2 16.422 2.354 0.107 
Within site 293.067 42 6.978 
Total 325.911 44 
Kolmogorov-Smirnov Test: Z = 1.029, p = 0.241 
Test of Homogeneity of Variances: Levene Statistic = 0.610, p =0.548 
Table 2.17 Results of one-way ANOVA on differences in the Shannon diversity index of 
herbivores in A Ye Wan, A Ma Wan and Lung Lok Shui. 
SS DF MS F p 
Between sites 0.368 2 0.184 7.945 0.001 
Within site 0.973 42 0.023 
Total 1.341 44 
Kolmogorov-Smirnov Test: Z = 0.554, p = 0.919 
Test of Homogeneity of Variances: Levene Statistic = 0.542, p =0.586 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.21 Spatial comparison of herbivores in A Ma Wan (AMW), A Ye Wan (AYW) and 
Lung Lok Shui (LLS) based on the densities of each species recorded in the general 
survey from November 02 to March 04. (a) One-way ANOSIM tests on the spatial 
distribution (b) Pairwise test between sites. 
� 
Sample statistic (Global R) p 
Treatment 0.644 0.001 
(b) 
Groups R Statistic Interpretations 
AMW, AYW 0.136* Barely separated 
AMW, LLS 0.81* Well separated 




Table 2.22 Results of one-way ANOVA on differences in the seasonal distribution of 
herbivores in A Ma Wan based on the densities of each species recorded in the general 
surveys from November 02 to March 04. Summary of one-way ANOSIM tests on the 
seasonal distribution was shown. 
Sample statistic (Global R) p 
Treatment 0.204 0.069 
Table 2.23 Seasonal comparison of herbivores in A Ye Wan based on the densities of each 
species recorded in the general surveys from November 02 to March 04. (a) One-way 
ANOSIM tests on the seasonal distribution (b) Pairwise test between seasons. 
(a) 
Sample statistic (Global R) p 
Treatment 0.32 0.015 
(b ) 
Groups R Statistic Interpretations 
Autumn, Winter 0 Barely separate 
Autumn, Spring 0.979* Well separated 
Autumn, Summer 0.344 Overlapping but clearly different 
Winter, Spring 0.383* Overlapping but clearly different 
Winter, Summer 0.142 Barely separate 




Table 2.24 Seasonal comparison of herbivores in Lung Lok Shui based on the densities of 
each species in the general surveys from November 02 to March 04. (a) One-way 
ANOSIM tests on the seasonal distribution (b) Pairwise test between seasons. 
� 
Sample statistic (Global R) p 
Treatment 0.521 0.001 
(b) 
Groups R Statistic Interpretations 
Autumn, Winter 0.496* Overlapping but clearly different 
Autumn, Spring 1 * Well separated 
Autumn, Summer 0.071 Barely separate 
Winter, Spring 0.321 Overlapping but clearly different 
Winter, Summer 0.375 Overlapping but clearly different 




Table 2.25 Correlation of the percentage cover of algae (A) and algae excluding turf 
(A-T), with the densities of herbivores (H) and herbivores excluding fish (H-F) in A Ma 
Wan, A Ye Wan and Lung Lok Shui. Time lag between algae and herbivore abundance 
was adjusted by moving data of herbivores 1-3 months forward. Each value represents the 
Pearson Correlation coefficient 'r'. 
Time lag by moving 
Site Correlation herbivore data forward 
1 Month 2 Months 3 Months 
A Ma Wan Avs .H 0.223 0.157 0.453 0.208 
A vs. H-F 0.301 0.169 0.424 0.215 
A-T vs. H 0.093 0.230 0.764* 0.654* 
A-T - H-F 0.301 0.153 0.754* 0.659* 
A Ye Wan Avs .H -0.072 -0.187 0.098 0.126 ； 
A vs. H-F 0.040 -0.211 0.085 0.158 
A-T vs. H -0.147 -0.531* -0.299 -0.323 
A-T vs. H-F 0.040 -0.527* -0.309 -0.312 
Lung Lok Shui Avs .H -0.112 -0.383 -0.399 -0.131 
A vs. H-F -0.192 -0.412 -0.382 -0.077 
A-T vs. H 0.222 -0.192 -0.129 -0.010 




Table 2.26 Results of (a) Canonical correlations relating the percentage covers of algae to 
the densities of herbivores recorded in the general survey in A Ma Wan. (b) Cross 
canonical loadings for the statistically significant correlations. 
� 
Correlation Canonical correlations � T … . Wilk's lambda Chi-sq df p No. coefficient 
1 0.996 0.000 80.875 44 0.001 
2 0.983 0.001 47.573 30 0.022 






1 Amphiroa ephedraea 0.072 -0.422 
Corallina pilulifera 0.112 -0.417 
Coralline algae 0.444 0.260 
Encrusting algae 0.346 -0.398 
Hypnea charoides 0.022 -0.226 
Laurencia japonica 0.240 -0.548 
Lobophora variegata -0.448 -0.064 
Padina australis 0.330 -0.752 
Sargassum spp. -0.115 -0.083 
Turf algae -0.288 0.458 
Others 0.069 -0.485 
2 Euplica scripta 0.655 -0.421 
Bathygobius meggetti 0.784 0.579 
Hermit crab 0.470 -0.199 
Large herbivores 0.606 -0.783 
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Table 2.27 Results of (a) Canonical correlations relating the percentage covers of algae to 
the densities of herbivores recorded in the general survey in A Ma Wan with time lag 
comparison by adjusting herbivore data one month forward, (b) Cross canonical loadings 
for the statistically significant correlations. 
� 
Correlation Canonical correlations � T Wilk's lambda Chi-sq df p No. coefficient 
1 0.999 0.000 84.628 44 <0.001 






1 Amphiroa ephedraea 0.419 
Corallina pilulifera 0.837 
Coralline algae -0.220 
Encrusting algae -0.016 
Hypnea charoides 0.605 
Laurencia japonica 0.936 
Lobophora variegata -0.415 
Padina australis 0.879 
Sargassum spp. 0.371 
Turf algae -0.123 
Others 0.258 
2 Euplica scripta 0.674 
Bathygobius meggetti -0.278 
Hermit crab 0.365 
Large herbivores 0.888 
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Table 2.28 Results of canonical correlations relating the percentage covers of the algae to 
the densities of herbivores recorded in the general survey in A Ye Wan. 
Correlation Canonical correlations � T „ . Wilk's lambda Chi-sq df p No. coefficient 
1 0.957 0.004 50.013 42 0.185 
2 0.882 0.046 27.786 30 0.582 
3 0.760 0.205 14.245 20 0.818 
Table 2.29 Results of canonical correlations relating the percentage covers of the algae to 
the densities of herbivores recorded in the general survey in A Ye Wan with time lag 
comparison by adjusting herbivore data one month forward. 
I 
Correlation Canonical correlations 
Wilk's lambda Chi-sq df p 
No. coefficient 
1 0.973 0.001 56.928 42 0.062 
2 0.932 0.015 33.450 30 0.303 
3 0.792 0.116 17.222 20 0.639 
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Table 2.30 Results of (a) canonical correlations relating the percentage covers of the algae 
to the densities of herbivores recorded in the general survey in Lung Lok Shui. (b) Cross 
canonical loadings for the statistically significant correlations. 
(a) 
Correlation Canonical correlations � T … . Wilk's lambda Chi-sq df p No. coefficient 
1 0.997 0.000 61.638 50 0.005 
2 0.958 0.007 30.052 36 0.183 
(b) 
0 Correlation No. Sets Taxa 
1 
1 Corallina pilulifera 0.094 
Coralline algae 0.257 
Encrusting algae 0.502 
Galaxaura. oblongata -0.566 
Hypnea charoides -0.141 
Lobophora variegata 0.401 
Padina arborescens -0.041 
Padina australis -0.226 
Sargassum spp. 0.041 
Turf algae 0.115 
Others -0.351 
2 Anthocidaris crassispina 0.086 
Chlorostoma rustica 0.041 
Euplica scripta -0.061 
Hermit crabs -0.767 
Sebastiscus marmoratus -0.574 
Small herbivores -0.425 
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Table 2.31 Results of (a) canonical correlations relating the percentage covers of the algae 
to the densities of herbivores recorded in the general survey in Lung Lok Shui with time 
lag comparison by adjusting herbivore data one month forward, (b) Cross canonical 
loadings for the statistically significant correlations. 
(a) 
Correlation Canonical correlations . � T Wilk's lambda Chi-sq df p No. coefficient 
1 0.970 0.000 60.731 50 0.002 





1 Corallina pilulifera -0.335 
Coralline algae 0.115 
Encrusting algae -0.145 
Galaxaura. oblongata 0.567 
Hypnea charoides 0.342 
Lobophora variegata -0.520 
Padina arborescens 0.133 
Padina australis 0.042 
Sargassum spp. 0.479 
Turf algae 0.166 
Others 0.358 
2 Anthocidaris crassispina -0.197 
Chlorostoma rustica 0.359 
Euplica scripta -0.135 
Hermit crabs 0.594 
Sebastiscus marmoratus 0.703 
Small herbivores 0.614 
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Table 2.32 Pearson correlation of the water temperature in Tung Ping Chau with the 
percentage cover of algae (A), algae excluding turf algae (A-T)�densities of herbivores 
(H), or herbivores excluding fishes (H-F). Time lag comparison was also made by 
adjusting temperature data up to three months backward. Each value represents the 
Pearson Correlation coefficient ‘r，. 
Time lag by moving 
Site Correlation temperature data backward 
1 Month 2 Month 3 Month 
A Ma Wan Temp vs. A -0.266 -0.588* -0.710* -0.669* 
Temp vs. A-T -0.482 -0.728* -0.612* -0.423 
Temp vs. H 0.194 -0.083 -0.408 -0.725* 
Temp vs. H-F 0.197 -0.043 -0.333 -0.665* 
A Ye Wan Temp vs. A 0.078 0.242 0.082 -0.029 
Temp vs. A-T 0.224 0.471 0.324 0.384 
Temp vs. H 0.321 -0.069 -0.482 -0.789* 
Temp vs. H-F 0.351 -0.017 -0.439 -0.754* 
Lung Lok Shui Temp vs. A -0.163 0.170 0.459 0.438 
Temp vs. A-T -0.018 0.139 0.227 0.088 
Temp vs. H 0.325 -0.080 -0.452 -0.769* 




Table 2.33 Pearson correlation of the water temperature (Temp) in Tung Ping Chau with 
the species richness (Rich) and Shannon diversity index (Div) of algae (A) and herbivores 
(H). Time lag comparison was also made by adjusting temperature data up to two months 
backward. Each value represents the Pearson Correlation coefficient 'r ' . 
Time lag by moving 
Site Correlation temperature data backward 
1 Month 2 Month 
A Ma Wan Temp vs. A Rich -0.306 -0.759* -0.881* 
Temp vs. A Div 0.162 -0.074 -0.364 
Temp vs. H Rich -0.264 -0.706* -0.844* 
Temp vs. H Div -0.015 0.054 -0.162 
A Ye Wan Temp vs. A Rich -0.720* -0.832* -0.655* 
Temp vs. A Div 0.108 -0.233 -0.468 
Temp vs. H Rich -0.657* -0.759* -0.288 
Temp vs. H Div 0.032 -0.091 -0.242 
Lung Lok Shui Temp vs. A Rich -0.417 -0.694* -0.717* 
Temp vs. A Div -0.234 -0.669* -0.867* 
Temp vs. H Rich 0.064 -0.247 -0.503 
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• 
Fig. 2.1 The 25cm x 25cm quadrat with 100 random intersecting points, represented 
by intersection between lines, used in this study. 
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Fig. 2.2 Mean percentage cover of algae (% 士 SD) recorded in the general surveys 
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Fig. 2.3 Mean percentage cover of algae (% 土 SD), excluding turf algae, recorded in 
the general surveys from November 02 to March 04 in A Ma Wan, A Ye Wan and 
Lung Lok Shui. 
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Fig. 2.4 The species richness of algae in A Ma Wan, A Ye Wan and Lung Lok Shui 
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Fig. 2.5 The Shannon Diversity Index of algae in A Ma Wan, A Ye Wan and Lung 
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Fig. 2.10 Mean density (士SD) of herbivores recorded in the general surveys from 
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Fig. 2.11 Mean density (土 SD) of herbivores, excluding fishes, recorded in the 
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Fig. 2.12 The species richness of herbivores in A Ma Wan, A Ye Wan and Lung Lok 
Shui from November 02 to March 04. 
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Fig. 2.13 The Shannon Diversity Index of herbivores in A Ma Wan, A Ye Wan and 
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Growth of Algae in Herbivore-exclusion Manipulative Experiment 
3.1 Introduction 
Recruitment is directly affected by the success of fertilization. Similar to most marine 
organisms, seasonality and lunar rhythms are cues synchronizing maturation of sperms 
and eggs for some algae (Giese and Kanatani, 1987). On top of these, hydrodynamic 
conditions, such as turbulence, were major determinants on the timing of release of ripe 
gametes. Fucus vesiculosus released the gametes on calm and sunny days with 100% 
fertilization success although sperm competition occurred (Berndt et. al., 2002). The calm 
and sunny conditions for gamete release were possibly related to photosynthetic 
metabolism (Pearson et. al, 1998). Motile or non-motile fertilized algal spores settle on 
substratum with the help from gravity, water currents and roughness of the substratum 
(Coon et al., 1972). Open space, the limiting environmental factor for marine organisms, 
is an important asset for spores to colonize. To renew primary space, disturbance is one of 
the key components in structuring the marine communities. Disturbance, defined as 'the 
external agent or force that causes damage or mortality (Sousa, 2001)，may be biological 
or physical. Accumulations of living or dead plant materials, whiplash by algae and red 
tide are the common biological disturbances interfering with the marine communities 
(Dayton, 1975; Hawkins, 1983; Bertness, 1991; Gamenick et al., 1996). Scientists are 
keener on the effects of physical disturbance on marine communities due to its great 
variety. Storm waves, wave-borne sediments and cobbles, and extended aerial exposure, 
are the most widely studied physical disturbances (Sousa, 1979; Sousa, 1984; Dayton et 
al., 1992; Connell et al., 1997; Airoldi, 1998; Hutchinson and Williams, 2003b). 
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Physical disturbance detaches sessile organisms and displaces mobile organisms from the 
rock surfaces, and frees up spaces for new recruits (Dayton, 1975; Paine and Levin, 1981; 
Sousa，1984). The disturbance regime, like the size and timing of the patch to be opened, 
and the patterns of succession and colonization are the determinants of the nature of the 
communities after disturbance (Sousa, 1984). In order to observe the colonization and 
succession of algae, the experimental plots were cleared for algae to recruit. Removal of 
the attached organisms on the examined plots is a common method to study the 
colonization of marine organisms (Kain, 1974; Kennelly, 1987b; Andrew and Viejo, 1998; 
Kong, 2002). Hutchinson and Williams (2003) indicated that artificial clearing bought no 
lasting effect to the plots and the effects were swiftly dissipated by the die back of species 
in summer at Wah Fu, Hong Kong. 
After the initial recolonization of organisms on the disturbed patch, species will be 
replaced depending on the species growth rate, competitive abilities, reproductive biology, 
vulnerabilities to predators and extreme physical environment (Sousa, 1985). Three 
models were proposed to summarize processes involved in succession: facilitation, 
tolerance and inhibition (Connell and Slatyer, 1977). In the first model, early succession 
species modify the environment, such as soil and microclimate, for the later succession 
species to colonize. Early succession algae, the ephemeral algae, had direct effect on the 
growth and survival of coralline algae (Coleman, 2003). Coleman (2003) believed the 
ephemeral algae provided refuge from temperature, desiccation and wave action to the 
coralline algae, which could then invest more energy to growth. Contrary to facilitation, 
the inhibition model describes that the early succession species resist the growth and 
development of the later succession species provided that they are undamaged (Sousa, 
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2001). Turf algae in Fairlight Bay, Australia, inhibited the recruitment of kelp for almost 
two years when the substrata were cleared in spring, summer and autumn (Kennelly, 
1987a). In the absence of limpets, ephemeral algae inhibited the settlement of Fucus 
gardneri and Pelvetiopsis limitata for two years on the intertidal shore of the Nudibranch 
Point, Canada (Kim, 1997). Tolerance model is the intermediate model between 
facilitation and inhibition, causing neither increase nor decrease in the recruitment, 
growth and development of the later succession species. Mostly, the tolerant species are 
successful under shade (Connell and Slatyer, 1977). There are less examples of the 
tolerance model. Kennelly (1987a) found that although filamentous, unicellular and turf 
algae recruited right after the disturbance along the coast of New South Wales, Australia, 
turf algae appeared later as they tolerated to grow slower than the other two. Some studies 
showed the model of succession to be driven by environmental factors. Facilitation model 
mostly happened in physically stressful environments, but moderately stressful 
environments for tolerance and inhibition models (Callaway, 1995; Bertness and Leonard, 
1997). 
Seasonal cycles of recruitment and growth of algae have been frequently reported. It is 
believed that seasonality is a response to environmental parameters such as light, water 
temperature, storm activity and water movement (De Wreede, 1976; Hoffmann and 
Ugarte, 1985; Kennelly, 1987b; Lirman and Biber, 2000). Encrusting algae 
Hapalospongidion gelatinosum, erect algae Colpomenia sinuosa, Gelidium sp., Porphyra 
sp. and Ulva sp. were recruited during the cool season on the intertidal substratum of 
Cape d'Aguilar, Hong Kong (Kaehler and Williams, 1998). Williams (1993) also noticed 
that the abundance and species richness of algae reduced dramatically as the temperature 
increased in summer. The temporal variation of algae was indirectly affected by 
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herbivores in some studies. Lubchenco and Cubit (1980) indicated that the upright 
morphs of algae found in summer, which are adaptations for high growth and 
reproductive rates under limited grazing pressure, might be the result of the absence of 
herbivores in New England. Kong (2002) found algae recruited more and became more 
fertile in spring in A Ma Wan of Tung Ping Chau, Hong Kong. In her study, growth of 
Hypnea charoides, in terms of mean length, was significantly negatively correlated with 
seawater temperature and photoperiod. 
Feeding by herbivores can damage and remove early colonizing algae, hence, influence 
the succession of algae. With the help of herbivores, inhibition posed by the early 
succession species to the later succession species is broken. In contrast, the succession of 
the later succession algae is accelerated indirectly. In Brazil, the dusky damselfish 
exclusion experiment showed the later succession algae, Jania spp., to be retarded and 
kept from dominating by the early succession species in the absence of the damselfish 
(Ferreira et al., 1998). In British Columbia, Canada, limpet grazed the ephemeral algae 
and freed the space for fucoids to occupy in the early stage of succession (Kim, 1997). In 
the presence of limpet, the monopolization of filamentous algae was disrupted, and 
Rissoella, Rivularia and barnacles colonized the freed space (Cecchi, 2000). Although 
most studies addressed the indirect facilitative effects of herbivores on algal succession, 
some studies showed grazing could slow or stop the succession. Selective herbivores, 
such as sea urchins, might prefer later succession species. Consequently, these algae were 
removed continuously and the substratum was left with early succession species. Sousa et 
al. (1981) showed sea urchins to highly prefer later succession perennial algae like 
Egregia laevigata. As a consequence, the urchins kept clearing later succession algae and 
retarded their succession to turf algae. 
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To test the influences of herbivores on algal communities and succession, exclusion 
experiments were usually implemented to avoid herbivores (Sammarco, 1982; Jernakoff, 
1985b; Carpenter, 1986; Ferreira et al.，1988; Williams, 1993; Kim, 1997; Sala and 
Boudouresque, 1997; Williams et al, 2000). Fish and sea urchins were excluded with 
open-top and closed-top cages respectively to investigate the effects of herbivores on the 
diversity and community of algae in Jamaica (Sammarco, 1982). During primary 
succession, the biomass of the algal community decreased sharply with increase in the 
density of the sea urchin Diadema antillarum. Herbivorous fishes, however, did not seem 
to bear any effects on their manipulative plots. McClanahan et al. (2002) observed more 
chemically and morphologically defended algae to be present in the treatment that 
allowed grazing by large fishes. The result indicated that large fishes removed less 
defended algae and made a shift to well defended algae. Crustose form coralline algae 
reduced and the erect macroalgae increased their abundance with depth in Jamaica as the 
intensity of herbivory increased with depth (Morrison, 1988). The community structure of 
the algae was altered in the manipulative cage exclusion experiment. Erect and 
, filamentous algae increased in abundance and overgrew the crustose coralline when sea 
urchins were excluded in the shallow region within two months. This reflected that sea 
urchin did play an important role on regulating the algal community structure in the 
shallow region. 
The present manipulative experiment with herbivore exclusion and clearing were 
monitored for about 1.5 years on the subtidal rock surfaces of A Ye Wan in Tung Ping 
Chau. The study aimed to investigate the effects of herbivory and algal recruitment on the 
algal communities in the study site. The hypothesis of this manipulative experiment is 
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that herbivores and recruitment, have, potentially, different roles to the algal community 
in different seasons. Several studies about herbivore exclusion had been undertaken on 
the intertidal shore of the eastern side of Hong Kong (Hutchinson and Williams, 2003a; 
Wai, 2004). However, there has not been any similar or comparable study for the subtidal 
region. The focus of this study was therefore to examine what could be the roles of 
herbivores and recruitment in structuring the algal commonly in a subtidal settling in a 
subtropical environment like Hong Kong. 
3.2 Materials and Methods 
3.2.1 Study site 
The study site of this manipulative experiment was on the shallow subtidal rocky shore in 
A Ye Wan, Tung Ping Chau (Fig. 1.1) at depths of 0m C.D. to -2m C.D. The sedimentary 
rocks form slightly inclining terraces (15° to 20。）which are always covered with 
sediments, Lobophora variegata and an algal mat composed mainly of tuft red algae. The 
area is a sheltered bay subject to occasional strong waves during summer, particularly 
those generated by typhoons. 
3.2.2 Manipulative experiment 
The manipulative experiment was carried out by SCUBA diving from October 02 to 
March 04. It involved a combination of clearing and caging treatments. Four treatments 
were executed with three replicates each, consisting of (1) clearing with complete cage, (2) 
clearing with partial cage, (3) clearing without cage, and (4) untreated plot as the control 
(Figs. 3.1 - 3.2). Comparison of the algal and herbivore compositions between partial 
cage treatment and clearing control served to indicate the experimental caging effect. The 
effects of herbivores on algal composition could be reflected by comparing algal 
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successions and abundance between complete cage treatment with either the clearing 
control or the partial cage treatments. The control was important in showing the effects of 
environment conditions on changes in algal composition over time. 
Two weeks before sampling, all the existing vegetations and sessile organisms within a 30 
2 i 
x30 cm plot were removed by a chisel and hammer in the clearing treatments. After that, 
the surface was abraded with a wire brush vigorously (Littler and Littler, 1985). Partial 
and complete cages used in this experiment were made of 1.5cm x 1.5cm mesh in the 
dimension of 26cm x 26cm x 15cm (Fig. 3.1). Holes were drilled on the rock surface to 
attach the cage with bolts and nuts firmly. In order to reduce the damage to the natural 
substratum, only one hole was drilled on each side of the attached edge. Since biofouling 
of epiphytes could affect the light penetration and water flow to the cages, and small 
herbivores might still enter the complete cages through the mesh, fouled organisms on the 
cages and herbivores inside the complete cages were frequently removed. 
To observe the effect of season on recruitment of algae, new sets of experiment were 
initiated seasonally. New set-ups were made on October 02 and 03 as the Autumn 02 and 
03 set-ups, January 03 as the Winter 03 set-up, April 03 as the set-up in Spring 03 and 
July 03 as the Summer 03 set-up (Table 3.1). Autumn 02，Winter 03 and Spring 03 set-ups 
were monitored for a year, those in Summer 03 and Autumn 03 were observed for eight 
and five months respectively. 
3.2.3 Investigation on the manipulative experiment 
Species composition, abundance in terms of percentage cover in algae and density in 
herbivores, and size of herbivores in the plots were examined twice per month by using 
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the 25cm x 25cm random point quadrat described in Chapter 2 (Fig. 2.1). The quadrat 
was placed at the center of the 30cm x 30cm plot, leaving 5cm as margin on each side to 
alleviate the caging and edge effects. 
3.2.3.1 Species composition of algae and herbivores 
Species within the quadrat of each plot were identified in situ. Only macroalgae and 
herbivorous species within the plot observable by naked eyes were identified. Species that 
were first seen but could not be identified in situ were collected and examined in the 
laboratory. Several algae and herbivores could not be identified in situ to species level; 
they were, therefore, grouped at the lowest taxonomic level as much as possible. 
Filamentous algae that were less than lcm in size, consisting of Amphiroa spp., 
Polysiphonia spp. and Centroceras spp., were categorized as turf algae (Ruitton et. al, 
2000). The groups were treated as a single species in the analysis. Species compositions 
among the four treatments, as well as between the five set-ups were compared. 
3.2.3.2 Percentage cover of algae and density of herbivores 
Percentage cover of each algal species was measured by the number of random points 
intercepted by that algal species in the quadrat. There were 100 random points inside the 
quadrat, the number of random points intercepted were therefore converted directly as the 
percentage cover. The number of individuals of each herbivorous species present inside 
the quadrat was counted and the count was expressed in density term (Number of 
individual/100cm ). 
3.2.3.3 Sizes of herbivores 
Sizes of the herbivores found in the plots were measured in situ by a caliper. Since the 
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morphology of different herbivorous groups varies, the size parameter for each group was 
measured differently: length of columella for gastropod, vertical height for sea urchins 
and shell height for hermit crabs. Fishes are mobile and impossible to measure directly by 
the caliper. Thus, their body length was estimated by naked eyes. 
3.2.4 Detecting the cage effect 
Irradiance in the plots of each treatment was measured on 3 July 03 at 2:00pm to 
investigate the cage effect brought about by the shading effect of the mesh and epiphytes. 
The irradiance was measured by diving Pulse Amplitude Modulated Fluorometry (PAM) 
(Walz, 2000). The readings were taken haphazardly at points inside the plot 10cm above 
the substratum (n = 5). 
3.2.5 Statistical analyses 
All statistical analyses were performed in SPSS 11.5 for Windows (SPSS Inc.) or 
PRIMER 6.0 (Primer-e Ltd.). In the analyses, the significance level was set at p= 0.05. 
Multidimensional scaling analysis (MDS) on Bray-Curtis similarity was used to analyze 
the difference in the species compositions of algae and herbivores in different treatments 
over time. Comparisons on algal composition between treatments were evaluated in 
separate set-ups and between set-ups under separate treatments. While arranging the data 
set in the PRIMER package, times of survey were factorized under treatments and 
replicates, whilst algal species were the variables. Data were fourth-root transformed due 
to the presence of rare species (Clarke and Warwick, 2001). Bray-curtis similarity was 
analyzed between samples. To increase the likelihood of minimizing the stress in a 
two-dimensional representation, the multidimensional scaling had been repeated for 25 
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times with minimum stress level at 0.01. One-way Analysis of Similarity (ANOSIM) with 
the hypothesis of ‘no differences between groups' and pairwise tests were conducted to 
support the MDS analysis. Comparisons on herbivorous composition were conducted in 
similar ways, except that data were transformed to x + 0.1 individual/100cm2 before the 
fourth-root transformation, owing to the presence of 0 individual/100cm2 in some 
samples. 
Differences in the percentage cover of algae, excluding turf, on the second month after 
clearing were analyzed by two-way ANOVA. The five set-ups (Autumn 02, Winter 03, 
Spring 03, Summer 03 and Autumn 03) and three clearing treatments (clearing control, 
complete and partial cage treatments) were the two independent variables used in the test. 
The data were square-root transformed to satisfy the parametric assumptions of equal 
variances and normality. 
To assess the effect brought about by clearing, differences in the percentage cover of 
algae between the control and the clearing control at each sampling time in separate 
set-ups were evaluated by the non-parametric Kruskal-Wallis tests. The effect of clearing 
was no longer detectable once the test results showed the difference to be insignificant. 
Kruskal-Wallis tests were conducted to assess differences in algal percentage covers 
between the clearing control, complete and partial cage treatments as well as between the 
four treatments, to evaluate the effects of both clearing and caging respectively on algal 
recovery. 
The relationships between the abundance of algae and herbivores in each treatment of 
each season were assessed by Pairwise Pearson Correlation. The abundance of algae was 
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expressed in terms of percentage cover and that of the herbivores, in terms of density 
* j * * / 2 
(individual/lOOcm )• To avoid the most dominant turf algae from masking the relationship 
in each sample, correlation analyses were carried out using the percentage cover data of 
algae including the turf, or excluding the turf. Other than that, owing to the difference in 
the survey methods on benthic herbivores and fishes, herbivore densities used in the 
analyses included all herbivores or only benthic herbivores without the fishes. To 
summarize, four sets of correlations were conducted for each treatment, namely all algae 
vs. all herbivores (A vs. H)，all algae vs. herbivores without fishes (A vs. H-F), algae 
without turf vs. all herbivores (A-T vs. H), and algae without turf vs. herbivores without 
fishes (A-T vs. H-F). There may be time lags between the abundance of algae as a 
response to herbivore activities or vice versa. Thus, correlations with time-lags of one to 
three months were carried out by correlating the abundance data of the algae (or herbivore) 
with those of the herbivores (or algae) of the previous one or three months. The 
relationships between the algal and herbivore compositions were tested by similarity 
matrices of algae and herbivore by using the Testing Matched Similarity Matrices 
(RELATE) function in PRIMER 6. Similarity matrices for each treatment of each set-up 
were tested separately using p statistics. Significant algal and herbivores species that 
contributed most to the variation or similarity between treatments were further 
investigated by Similarity Percentages - Species Contributions (SIMPER) in PRIMER 6. 
Differences in sizes of the herbivores and in the irradiance in the treatment plots of five 
separate set-ups were analyzed by two-way ANOVA. The data were tested for normality 
by Kolmogorov-Smirnov test and homogeneity of variance by Levene Median test. 





3.3.1.1 Percentage cover 
Turf algae were the single most dominant feature of all treatments such that when turf 
algae were included in the analysis (Figs. 3.3-3.20), the trend of algal percentage cover in 
control was similar to that of the other three treatments of different set-ups. In all 
clearings at different seasons, increase in percentage cover of algae was recorded in 
September 03 in almost all treatment plots. The algal cover in complete and partial cage 
treatment in Autumn 02 set-up remained around 100% in the first seven months of the 
study and started increasing in July 03 (Fig. 3.3a). Lobophora variegata and turf algae 
were commonly found in the Autumn 02 set-up. On top of these, Dictyota dichotoma and 
Sargassum spp. were also common in the complete cage treatment. The cover of 
Sargassum spp. reached 100% on 25 September 03 in the complete cage treatment (Fig. 
3.7). In the last four months of monitoring, the percentage cover of algae in the complete 
cage treatment was more than that observed in the other three treatments. Similar to the 
plots cleared in Autumn 02 set-up, the coverage of algae in the first seven months of the 
Winter 03 set-up was quite steady at about 100% (Fig. 3.3b). Except in the partial cage 
treatment, algal cover in all other treatments increased to 120% on 19 May 03 and 
dropped back to 100% after one month. It increased again in September 03 and decreased 
afterwards except in the complete cage treatment. Algal cover in the complete cage 
treatment increased continuously since September 03，reaching the maximum of about 
180% in December 03, dominated by Hypnea charoides, Sargassum spp., Lobophora 
variegata and turf algae. The algal cover subsequently decreased thereafter (Figs. 
3.9-3.11). In the Spring 03 set-up, algal cover increased in September 03 particularly in 
the control and clearing control (Fig. 3.3c). Controls in the Summer 03 and Autumn 03 
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set-ups had the highest percentage algal covers at the beginning of their respective 
monitoring period (Figs. 3.3d and 3.3e). 
The growth of algae was localized and sometimes variable between replicates in the same 
treatment of the same clearing period. For example, replicate 1 in the complete cage 
treatment in Autumn 02 and Winter 03 set-ups had 100% coverage of Sargassum spp., but 
none or little were found in replicates 2 and 3 respectively (Figs. 3.7 and 3.10). Similarly, 
only replicate 3 of the complete cage treatment in Winter 03 set-up had a dense cover of 
Padina australis (Fig. 3.10). Hundred percentage covers of Hypnea charoides and 
Sargassum spp. were found in replicates 1 and 3 respectively of the complete cage 
treatment in Spring 03 set-up (Fig. 3.13). 
The trends of algal growth were more clearly observed when the most dominant tuft algae 
were excluded from the analysis (Fig. 3.4). Algal cover in the clearing plots of the 
Autumn 02 set-up increased progressively to more than 80% in September 03 (Fig. 3.4a). 
Drops in the coverage of algae in the clearing control and complete cage treatment were 
observed after 7 May 03, as a result of the disappearance of Hypnea charoides, Laurencia 
jejuna and Padina australis in some of the replicates. Algal percentage increased again 
after these drops, contributed by Lobophora variegata and Sargassum spp. (Figs. 3.4 -
3.7). Besides the partial cage treatment, plots in the Winter 03 set-up showed tremendous 
reduction in algal coverage in late May to June, owing to the detachment of Padina 
australis and Laurencia jejuna in the controls, Padina australis in the clearing controls, 
Hypnea charoides, Ceramium sp. and Padina australis in the complete cage treatment 
plots (Figs. 3.4b, 3.5, 3.9-3.11). Algal covers increased and leveled off at about 60% in 
September 03 in the clearing control and partial cage treatment, and reached about 100% 
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in the control in July 03. Algae in the complete cage treatment kept growing and attained 
the highest cover of about 160% on 28 November 03. In all plots of the Winter 03 set-up, 
algal cover began to decrease in January 04. Only control in the Spring 03 set-up 
experienced a drop in the algal cover in June 03，while those of the other three treatments 
increased steadily (Fig. 3.4c). Complete cage treatment, dominated by Hypnea charoides 
and Sargassum spp., had the highest algal percentage cover in the last two months of 
monitoring of the Winter 03 and Spring 03 set-ups. Only the algae in the control of 
Summer 03 set-up showed a similar decrease in January 04 as in the Winter 03 set-up 
(Figs. 3.4d，3.5，3.15 - 3.17). In the complete cage treatment of the Summer 03 set-up, 
algal cover increased from 0% to about 40% in eight month period, but the cover 
remained at less then 20% in the partial cage treatment. Algae showed no growth in the 
clearing control and partial cage treatment of the Autumn 03 set-up (Fig. 3.4e). Due to the 
presence of Hypnea charoides, algae in the complete cage treatment increased to about 
30% on 16 December 03. However, some of them became detached and hence the algal 
cover was reduced to 7% in February 04. Algal cover increased to around 40% at the end 
of the study, i.e. March 04 (Figs. 3.5, 3.18- 3.20). 
It is apparent that the algal percentage cover in the control differed substantially with that 
of the other treatment plots particularly in the first few months after clearing (Fig. 3.4). 
Kruskal-Wallis tests showed the differences in algal percentage cover between the control, 
clearing control, complete and partial cage treatments to be significant on 12 and 26 
November 02, 5 and 18 March 03, 2 April 03 and 19 May 03 in the Autumn 02 set-up 
(Table 3.2). For the Winter 03 set-up, significant differences were found in the algal 
percentage cover of 19 February 03，5 March 03，3 June 03 and 15 July 03 between the 
treatment and control (Table 3.2). Significant differences were also found in the algal 
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covers between control and treatment plots from 7 May 03 to 18 October 03 in Spring 03 
set-up (Table 3.3). Similar analyses were done on the Summer 03 set-up, however, only 
the comparison on 1 August 03 showed significant difference in the algal covers between 
plots (Table 3.3). Algal percentage covers between the treatment and control in the 
Autumn 03 set-up were significantly different in the entire monitoring period (Table 3.3). 
Results of two-way ANOVA showed significant differences in the algal cover between 
set-ups (p<0.001, Table 3.4) and between treatments (p=0.003, Table 3.4). However, the 
interaction term of set-ups x treatment was not significantly different. Generally, Winter 
03 set-up had the highest percentage cover of algae, followed by that of Spring 03， 
Autumn 02, Summer 03 and Autumn 03 set-ups (Fig. 3.21). Comparing between 
treatments, control plots had the highest coverage, the complete cage treatments came 
second and the partial cage treatments had the least 
3.3.1.2 Species richness 
In the whole manipulative experiment, a total of 18 species of algae, including two 
Chlorophyceans, six Phaeophyceans, nine Rhodophyceans, turf algae and encrusting 
algae, were recorded (Table 3.5). Lobophora variegata and turf algae were found 
year-round and were the most dominant algae in all the treatment plots set-up over the 
five seasons. Padina australis, Hypnea charoides and Sargassum spp. were also common. 
They particularly grew extensively during late autumn or winter in the Autumn 02, Winter 
03 and Spring 03 set-ups. The growth of algae, however, varied spatially and was very 
localized. The number of species recorded increased after clearing of the plots in all 
set-ups, especially during late autumn to winter. 
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3.3.1.3 Composition between treatments 
Algal composition were compared between treatments in all five set-ups using PRIMER 6 
(Clarke and Warwick, 2001). Results showed that algal compositions in the treatment and 
control plots were all significantly different and hence the null hypothesis that the 
compositions were similar between plots was rejected (Table 3.6a). Stress values in the 
MDS plots ranged from 0.11-0.15，indicating that the two-dimensional representation of 
the relationships between treatments was meaningfol. Pairwise comparisons showed the 
compositions in the control vs. clearing control and control vs. partial cage treatments 
were well separated with the R statistics of 0.82, but were indistinguishable between 
clearing control and complete cage treatments, clearing control and partial cage 
treatments as well as complete and partial cage treatments over all months of the Autumn 
02 set-up (Fig. 3.22 and Table 3.6b). Algal composition found in the clearing control 
cleared in Winter 03 was almost the same as those in the complete and partial cage 
treatments throughout the whole study period (Fig. 3.23 and Table 3.6b). The pairwise 
test indicated that there was an obvious distinction in algal compositions between control 
and complete cage treatment in the Spring 03 set-up (Fig. 3.24 and Table 3.6b). Control 
vs. clearing control of the Summer 03 and Autumn 03 set-ups, control vs. either complete 
or partial cage treatments of the Autumn 03 set-up were well separated with R statistics of 
1 (Figs, 3.25 and 3.26 and Table 3.6b). In Autumn 03 set-up, the algal compositions 
between clearing control and partial cage treatment were identical (Fig. 3.26 and Table 
3.6b). 
3.3.1.4 Compositions between set-ups 
Seasonal effects on algal composition were tested by comparing algal compositions 
between the seasons of clearing in each treatment (Figs. 3.27-3.30 and Table 3.7). 
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ANOSIM tests between the set-ups in the control, clearing control and partial cage plot 
were significantly different and the null hypothesis that there is no variation in algal 
compositions between the times of clearing was rejected (Table 3.7a). The low global R 
value and its non-significance indicated that the algal compositions between set-ups were 
similar in the complete cage treatment (Fig. 3.29 and Table 3.7a). In the control, algal 
composition in the Autumn 03 set-up was not similar to those of the other four set-ups, 
whilst the composition in Winter 03 set-up overlapped with those from the Autumn 02, 
Spring 03 and Summer 03 set-ups (Fig. 3.27 and Table 3.7b). Similarly in the clearing 
control, the algal composition in the Autumn 03 set-up was highly distinguishable from 
the four set-ups (Fig. 3.28 and Table 3.7b). In the partial cage treatment, composition of 
algae in the Autumn 03 set-up was well separated from those of Spring 03 and Summer 
03 set-ups, but was clearly different with overlap from those of Autumn 02 and Winter 03 
set-ups (Fig. 3.30 and Table 3.7b). 
3.3.1.5 Effects from caging and clearing 
The clearing effect was tested by comparing the algal cover between the control and 
clearing control in each time interval (Tables 3.2 and 3.3). Significant results were 
recorded in the comparisons between the percentage cover of algae in the control and that 
of the clearing control since the beginning of the clearing in all set-ups. This was 
extended to 2 April 03 (six months after clearing) for the Autumn 02 set-up, to 18 March 
03 (two months) in the Winter 03 set-up, to 4 November 03 (seven months) in the Spring 
03 set-up, to 20 January 03 (six months) in the Summer 03 set-up and till the end of the 
sampling period in the Autumn 03 set-up. The percentage cover of algae in the controls 
was significantly higher than that of the clearing controls (Fig. 3.4). 
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The algal cover in clearing control, complete and partial cage treatments were analyzed 
for the effects of caging (Tables 3.2 and 3.3). The results of the Kruskal-Wallis tests 
showed significant difference in the algal cover on 5 and 18 March 03 in the plots cleared 
in Autumn 02 set-up only. In March 03 of the Autumn 02 set-up, percentage algal cover in 
the clearing control was the highest and that in the partial cage treatment was the lowest 
in general (Fig. 3.4a). In the set-ups of Spring 03 and Autumn 03, algae in the complete 
cage treatments were most abundant except in the control (Figs. 3.4 c and 3.4e). 
3.3.2 Herbivores 
3.3.2.1 Density 
The abundance of herbivores in the manipulative experiments fluctuated with time (Fig. 
3.31). The densities of herbivores generally increased from March 03 and peaked in May 
03 in the Autumn 02 and Winter 03 set-ups, mainly due to the increase in the abundance 
of Euplica scripta (identified by G. Paulay, Florida Museum of Natural History, USA; 
Figs. 3.31a and 3.31b). When the Spring 03 experiment started, herbivore density 
increased from May 03 to July 03，and leveled off in August 03 (Fig. 3.31c). Herbivores 
were more abundant in the partial cage treatment in the Summer 03 set-up, followed by 
those in the controls (Fig. 3.3 Id). Normally, less than 1 individual/100cm3 of herbivores 
was found in all the treatments of the Autumn 03 set-up (Fig. 3.31). The trends of 
herbivore densities with and without the herbivorous fishes were relatively the same 
overtime, as the density of herbivorous fishes recorded in the manipulative experiment 
was generally low (Fig. 3.32). 
Results of the two-way ANOVA showed the herbivore density to vary significantly in 
different set-ups and treatments (p<0.001, Table 3.8). The complete and partial cage 
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treatments of the Autumn 02 set-up, together with the partial cage treatment of the 
Summer 03 set-up, had the highest density. In contrast, the complete cage treatment of the 
Summer 03 set-up had the lowest (Fig. 3.33). 
3.3.2.2 Species richness 
Three species of crustacea, one species of echinoderm, ten species of molluscs and seven 
species of fish were recorded from November 02 to March 04 in these experiments (Table 
3.9). The partial cage treatment usually had the most number of species. The Summer 03 
and the Autumn 03 set-ups had relatively lower number of herbivores. Larger herbivores, 
i.e. Temnopleurus toreumaticus, Cypraea arabica, Tectus pyramis and some fish species 
were absent in the complete cage treatment. Similar to that found in the general survey 
(Chapter 2), hermit crabs and Euplica scripta were the most dominant herbivores in the 
manipulative experiment. They were present in all the treatments of all the set-ups. 
3.3.2.3 Compositions between treatments 
Herbivore composition in the clearing control overlapped with but was clearly different 
from those in the control, the complete cage and particularly the partial cage treatment, as 
the abundance of Euplica scripta in the clearing control was much less than that in the 
other three treatments in the Autumn 02 set-up (Fig. 3.34 and Table 3.10). ANOSIM 
analysis on herbivore compositions between treatments in all five set-ups showed 
composition in the Winter 03 set-up to be not significantly different (Fig. 3.35，Table 
3.10). The clusters representing herbivore compositions in the control and complete cage 
treatment were highly separated in the Spring 03 set-up (Fig. 3.36 and Table 3.10b). 
Halichoeres nigrescens, Temnopleurus toreumaticus and nudibranch were only observed 
in the control, but not in the complete cage treatment. In the Summer 03 set-up, only the 
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pairwise test of the control and the complete cage treatment indicated well separation 
between the groups (Fig. 3.37 and Table 3.10a). Other than Euplica scripta, hermit crabs 
and Cerithidea sp. in the complete cage treatment, more herbivore species, for instance 
Temnopleurus toreumaticus, nudibranch and Bathygobius meggetti could also be found in 
the control. Based on the herbivore composition, there was good separation between 
control and clearing control, as well as between the control and complete cage treatment 
in the Autumn 03 set-up (Fig. 3.38 and Table 3.10b). 
3.3.2.4 Compositions between set-ups 
The Kruskal stress values of the MDS plots for herbivores in each treatment ranged from 
0.11 -0.14，which implied that the plots were well presented two-dimensional plots (Fig. 
3.39-3.42). The results of one-way ANOSIM pointed out the absence of significant 
differences in the species compositions of herbivores in control, clearing control and 
partial cage treatments between set-ups (Figs. 3.39-3.40，3.42 and Table 3.11a). For the 
complete cage treatment, herbivore composition of Autumn 02 set-up overlapped with but 
was clearly different from those of either Spring 03 or Autumn 04 set-ups. Similarly, 
those in Winter 03 set-up overlapped with but were clearly different from those in either 
Spring 03 or Autumn 04 set-ups (Table 3.11b). 
3.3.3 Relationships between algae and herbivores 
3.3.3.1 Abundance 
In the Autumn 02 set-up, no significant correlations appeared between the algal and 
herbivore abundance, under the combinations of algae with or without turf algae and 
herbivores with or without fishes, and with different degrees of time-lag (Table 3.12). 
Significant positive correlations were found in the complete cage treatment of the Winter 
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03 set-up, under all combinations of algae and herbivores, and in the absence or presence 
of time-lags, except the time-lag of two months (Table 3.13). In addition, positive 
relationship was also found between algae and herbivore abundance without fishes in the 
partial cage treatment, and a positive correlation between algae and herbivore abundance 
without fishes in the absence of time-lag. Significant positive correlations were observed 
in most of the comparisons in the clearing control and partial cage treatment of the Spring 
03 set-up, but direct relationships were observed in the correlation of algal abundance in 
the complete cage treatment with either herbivore abundance with or without fishes 
(Table 3.14). In the Summer 03 set-up, significant correlations were only found between 
the complete and the partial cage treatments (Table 3.15). When the algal percentage 
cover was correlated with herbivores either with or without fish, significant positive 
relationships were noted in - 3 and 3 months time lags in the complete cage treatment. In 
the absence of turf algae, significant positive correlations were obtained with 0 to 3 
months time lags between the algal cover and herbivore abundance with or without fish in 
the complete cage treatment. In the partial cage treatment, only the correlations between 
algae, excluding turf algae, and herbivores either with or without fish in the presence of 3 
months time lag were significantly positive. Significant positive correlations were also 
recorded between algae and herbivores without fishes with 2 month time lag, between 
algae, excluding turf algae, and herbivores in the clearing control of the Autumn 03 set-up; 
algae excluding turf algae and herbivores with 1 month time lag in the partial cage 
treatment (Table 3.16). 
3.3.3.2 Composition 
Compositions of algae and herbivores were related using the RELATE function in 
PRIMER 6. All the significant rank coefficients resulted from RELATE were positive, 
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ranging from 0.10 to 0.48 (Table 3.17). Except in the complete cage treatment in the 
Autumn 02 set-up, direct relationship was found between the composition of algae and 
the composition of herbivores in the same set-up, particularly with the 2-month time lag 
in the control and clearing control treatments. A significant positive relationship was 
obtained in the complete cage only in the time-lag of - 2 month. Significant rank 
correlation was found among all the treatments of the Winter 03 set-up, except the 
complete cage treatment. Delaying the time-lags of algae by 2 months provided the 
highest correlation coefficient in each significant treatment. In the Spring 03 set-up, 
significant relationships between the algal and herbivore compositions were noted in the 
clearing control and partial cage treatment. The highest coefficients were obtained in the 
clearing control with two-month time lag of algal abundance and in the partial cage 
treatment without any time-lag. Only the algal and herbivore compositions in the clearing 
control in the Summer 03 set-up had significant positive correlation. The relationship was 
best described if there was a time lag delay of one month of the herbivore composition. In 
the Autumn 03 set-up, the highest coefficient was obtained in the clearing control without 
any time-lag, in the complete cage treatment with the time-lag delay of the algal 
composition by one month in the complete cage treatment and in the partial cage 
treatment with the time-lag delay of the herbivore composition by two months. 
For all the significant variables in RELATE analysis (Table 3.17)，Lobophora variegata 
and turf algae contributed more than 90% to the correlation coefficients, as revealed in the 
SIMPER test. In most cases, turf algae played a more important role in the similarity 
matrix than Lobophora variegata, but the order was reversed in the control. The 
percentage contributions of different algae in the clearing control without any time-lag or 
with one month time-lag were slightly different. Turf algae was consistently the species 
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that contributed most in the order of turf algae > Lobophora variegata = coralline algae > 
Colpomenia sinuosa. Euplica scripta was the most important herbivore in the similarity 
matrix of herbivores among all the significant variables, and hermit crabs came second. 
3.3.4 Sizes of herbivores 
The results of two-way ANOVA showed that the sizes of herbivores were significantly 
different between treatments and between set-ups. There was no significant interaction 
between these two factors (Table 3.18). Herbivores in the partial cage treatment were the 
largest in average size (31.8mm in the Winter 03 set-up), followed by those in the clearing 
control and control. In the complete cage treatment, herbivores were in general the 
smallest (Fig. 3.43 and Table 3.18). Herbivores in the Winter 03 set-up were slightly 
larger than those in the Summer 03 set-up (Table 3.18). 
Maximum sizes of herbivores varied with treatments, ranging from 23mm {Cerithidea sp. 
in the complete cage treatment of the Winter 03 set-up) to 110mm (Bathygobius meggetti 
in the partial cage treatment of the Winter 03 set-up) (Fig. 3.44a). The maximum sizes in 
the complete cage treatment in each set-ups, except in the Summer 03 set-up, were the 
smallest. The maximum size of the herbivores recorded in the complete cage treatment 
was only about 30% of those in the clearing control and the partial cage treatment, 
especially in the Winter 03 set-up. The largest herbivores found throughout Summer 03 
were mostly of the same size. The smallest herbivores identified in each treatment of the 
five set-ups ranged from 6mm to 11mm in size (Fig. 3.44b). The complete cage treatment 
of the Winter 03 set-up had the smallest herbivores (6mm). 
3.3.5 Irradiance between treatments 
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Although it is apparent that the irradiance inside the complete cage treatment after three 
and nine months of setting were slightly lower than that in the other three treatments, 
results of two-way ANOVA indicated that the differences were not significant between 
times and treatments. There was also no significant interaction between time and 
treatment (Fig. 3.45 and Table 3.19). 
3.4 Discussion 
A total of five set-ups (Autumn 02，Winter 03，Spring 03, Summer 03 and Autumn 03) 
with four treatments (control, clearing control, complete cage and partial cage) were 
established in A Ye Wan of Tung Ping Chau Marine Park in order to investigate the roles 
of clearing, caging and seasonality in governing the dynamics of algae and herbivores. 
The results of the present manipulative experiments showed no distinct patterns of algal 
and herbivore dynamics among different set-ups, indicating that the patterns could be 
controlled by several variables which were not considered in the present study. The 
possible variables include temperature, nutrients, wave action, herbivory, competition and 
the availability of algal spores (Mathieson and Norall, 1975a, b; Fujita and Goldman, 
1985; Luning, 1993; Hurd et al., 1996; Arenas and Fernandez, 1998; Pfetzing et al., 
2000). 
Beside varying between set-ups, the dynamics of algae and herbivores also showed 
spatial variation at the scale of at least five meters between plots of the same treatment 
within each set-up in this study. On top of this, while comparing with the results in the 
general surveys (Chapter 2), different composition of algae was noticed in the Autumn 03 
set-up. The percentage cover of algae in A Ye Wan during the general survey in October 
03 was high. This was dominated by Sargassum spp. and Padina australis. However, only 
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turf algae and sometimes coralline algae or Lobophora variegata were recorded in the 
Autumn 03 set-up of the manipulative experiment. The apparent inconsistency may arise 
from the isolation by the sand belt between the study sites of the general survey and the 
manipulative experiment. The algal compositions in these two sites were quite different. 
The site of the general survey was more diverse and a patch of Sargassum spp. was found. 
This was not so in the site of the manipulative experiment. Kendrick and Walker (1995) 
reported that the propagule dispersal of Sargassum spp. was extremely localized with 
settlement within lm of the reproductive thalli. Distribution and abundance of algae 
varied spatially from ten centimeters to ten kilometers in Australia (Coleman, 2002). As 
the dispersal distance of algal propagules is limited to a short distance, patchiness may be 
shown in algal composition and hence, the variations between plots of the same set-ups 
observed in this study. 
3.4.1 Effects of clearing on algal and herbivore dynamics 
Clearing organisms from rocky substratum were widely used in marine ecological studies 
(Jernakoff, 1985b; Kennelly, 1987b; Sala and Boudouresque, 1997; Kim, 1997; Airoldi， 
1998; Serisawa et al., 1998; Anderson, 1999; Nielsen, 2001). Clearing serves as a mimic 
of the natural disturbance events, such as storms, which may remove entire organisms 
from the rock surface (Sousa, 1979). In Hong Kong, disturbance events are usually 
caused by strong wave action from storm or the killing of benthic organisms by elevated 
temperature during low tide (Nagarkar, 1996). Disturbances are very important in opening 
up space in various times, frequencies and sizes as space is a limited resource. Organisms 
can recruit to the newly opened spaces and ensure the transfer of genetic materials from 
one patch to another. Rock surfaces were cleared in a fixed size in this study, as the 
dynamics of algae change with patch sizes (Farrell, 1989). 
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In order to distinguish the experimental effects caused by clearing, the difference in the 
algal cover between the control and the clearing control plots were analyzed by the 
Kruskal-Wallis tests month by month until the time when non-significant result was 
detected. This point indicated that the growth of algae in the clearing control is no longer 
different from that of the control, and hence, the clearing effect was no longer 
"experienced" by the plots. The recovery time of the clearing control is related to the 
recruitment and growth rate of the algae over that period. Clearing effect lasted for six to 
seven months after clearing in the Autumn 02，Spring 03 and Summer 03 set-ups. Algae 
in the clearing control of the Winter 03 set-up took the shortest time of three-month 
period to become statistically not significantly different from the controls. However, for 
the experiments in Autumn 03 set-up, the effects were still detected till the end of the 
experiment, i.e. March 04, which was five months after clearing. Such results indicate 
that algae recruit and grow more efficiently in February and March 03. 
The abundance of algae and herbivores were compared between the control, clearing 
control and partial cage treatments in order to understand the effects arising from clearing. 
Algal percentage cover was investigated in two different ways, including and excluding 
turf algae, due to the potential masking effects of these algae. Turf algae colonized 
quickly and dominated cleared plots by vegetative reproduction (Airoldi，1998) and they 
were the first visible algae to colonize the cleared plots in this manipulative experiment. 
This is in sharp contrast with the findings of Wai (2004)，who observed crustose coralline 
algae to be the primary colonizer. The ability of having swift vegetative propagation in 
turf algae allowed them to compete for space and to resist disturbance successfully. As 
persistent dominating algae, turf algae were excluded in some of the analyses in order to 
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remove the masking of the population structures by a 'superior dominant species'. By 
removing turf algae in the analysis, clearer pictures indicating the growth of the larger 
algae, for instance, Padina australis, Sargassum spp., Lobophora variegata and Hypnea 
charoides, could be obtained. When turf algae were excluded in the analysis, the 
percentage cover of algae in the control of all the five set-ups were shown to be high all 
throughout due to the dense coverage of Lobophora variegata all year round. Though 
algal coverage of the control was greater than that of the clearing treatments of the same 
periods, in most cases the difference was not statistically significant. This may be because 
the differences within treatment were often greater than those between treatments 
resulting from the large localized spatial variation. 
The composition of the algae in the control was compared between the clearing 
treatments using ANOSIM. The results indicated that differences in algal composition 
were detected in most of the pairwise tests with the control, except those in the Winter 03 
set-up and the comparison with the partial cage treatment in the Spring 03 set-up. This 
suggests that in general, the clearing plots (clearing control and partial cage treatments) 
could not fully recover to have the same composition of the natural control. The controls 
were completely filled by Lobophora variegata and turf algae for the whole sampling 
period in all set-ups, and Colpomenia sinuosa and Hypnea charoides in Autumn 02 and 
03 set-ups respectively. The differences between the clearing plots and the control are due 
to the competitiveness of different algal species that colonized the plots at different stages 
of the succession process. 
Lobophora variegata was observed to be the most dominant algal species that covered 
most of the rock surface in the study area. Its high coverage implied that it is the most 
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competitively superior algal species that appeared in almost all stages of succession. The 
abilities to have vegetative growth, tolerance against heat stress, thick surface and the 
presence of secondary metabolites against grazing pressure, can be factors contributing to 
the success of Lobophora variegata (Paul and Hay, 1986; Coen，1988; Coen and Tanner, 
1989). Therefore, less competitive algae like Padina australis, Sargassum spp. and 
Hypnea charoides, are not easy to win in the presence of Lobophora variegata. Clearing 
helped to remove the competitively superior species and provided bare space, i.e. the 
primary limited resource, for the less competitive algae to colonize. When space was 
available, sexual spores, vegetative propagules and fragments of mature thalli of different 
algal species could settle on the substratum (Kennelly and Larkum, 1983). After some 
times, the earlier succession algal species would be displaced by the later succession, 
more competitive algal species that would persist in the rest of the time. A climax stage 
would have been reached. The second explanation for such succession is related to the 
substratum type. Since non-epiphytic algae prefer to adhere on rock surface rather than on 
the thallus surface of another individual, the control in this experiment was thus not 
suitable for non-epiphytic algae to attach on. Harlin and Lindbergh (1977) revealed the 
importance of surface particle size on regulating the settlement and growth of algae in 
Rhode Island，USA. Their results indicated that the populations of Ulva lactuca and 
Chondrus crispus were the smallest on the smallest particle size, meaning that algae were 
not preferred to settle or grow on smooth surface such as thallus (Harlin and Lindbergh, 
1977). The clearing of Lobophora variegata from the clearing control plots in the present 
study helped to open bare rock surface for other algal propagules to settle and grow. This 
resulted in the lowering of algal coverage but with higher diversity of algae in the 
clearing control plots in all set-ups. 
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The algal composition in the clearing plots of all set-ups were not the same as that of the 
unmanipulated control until the end of the monitoring. The timing for the completion of 
the whole succesional process in the algal community is thus unknown. It is not sure 
either, if the succesional process would ever be completed. The presence of mainly turf 
algae in the clearing control and partial cage treatments in the Autumn 02 set-up, clearing 
control of the Spring 03 set-up, and all treatments in the Summer 03 and Autumn 03 
set-ups indicated that the early succession of algae took at least a year in some of the 
plots. 
Densities of herbivores were similar and fluctuated with no distinct patterns among the 
cleared and non-cleared treatments in all set-ups over time. Based on the results from 
both the general surveys (Chapter 2) and the manipulative experiments, small gastropods 
(less than 2 cm in length), like Euplica scripta and Cerithidea spp, as well as hermit crabs, 
were the dominant herbivores recorded in all treatments. Similar record was found in 
Kong (2002), in A Ma Wan, Tung Ping Chau from 1998 to 1999. Since fishes were not 
frequently recorded in the manipulative experiment, the two sets of analysis, i.e. 
herbivores including and excluding fishes, had almost the same results. Although some 
fish species, e.g. Sebastiscus marmoratus, Halichoeres nigrescens, were recorded, the 
number of individuals of each species was quite low such that there was usually none or 
only a few individuals of these species counted in each plot at each sampling time. 
ANOSIMS demonstrated significant differences in the compositions of herbivores 
between treatments except for those in the Winter 03 set-up. The pairwise test for 
herbivore compositions in the Summer 03 and Autumn 03 set-ups indicated clear 
separations between the control and clearing control treatments. The separations might be 
due to the higher densities of herbivores found in the control, as well as, the presence of 
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Temnopleurus toreumaticus in the control of the Autumn 03 set-up, and nudibranch, 
Bathygobius meggetti and Halichoeres nigrescens in the control of the Summer 03 set-up. 
3.4.2 Effects of caging on algal and herbivore dynamics 
Since herbivores can directly determine the community dynamics of algae and can 
indirectly affect other benthic communities, some of the studied plots were fenced with 
cages in order to exclude herbivores in this experiment (Jernakoff, 1985a; Anderson, 1999; 
Nielson，2001; Jompa and McCook, 2002). 
Experimental effects on algal growth resulting from caging were indicated by comparing 
the differences in algal cover between clearing control, complete and partial cage 
treatments using Kruskal-Wallis tests. Caging artifacts like wave movement (Miller and 
Hay, 1996) among caged and opened plots are not likely to affect the results, as 
Kruskal-Wallis tests on differences in the percentage cover of algae between clearing 
control, complete and partial cage treatments were mostly not significant. Completely 
fenced cages could affect the water movement inside the cage. Such blockage might be 
contributed by the small mesh size of the cage and the growth of epiphytes on the cage. 
Biofouling is one of the caging artifacts that may be encountered in marine manipulative 
experiment that involves artificial substratum (Abarzua and Jakubowski, 1995). Based on 
the temporal structure of settlement suggested by Abarzua and Jakubowski (1995), 
three-week time was already enough for algae, protozoa and macrofoulers to colonize the 
mesh. Cages in the manipulative experiments were implemented for more than three 
weeks in the present study. Algae, like encrusting and coralline algae, Hypnea charoides, 
Colpomenia sinuosa, polychaetes and barnacles were occasionally attached on the mesh. 
To minimize the blockages of water movement and light, mesh size of 1.5cm x 1.5cm was 
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used and the surface of the mesh was scraped periodically. The differences in species 
composition between the complete cage and the clearing control treatments were unlikely 
to be caused by the shading of the cages as the two-way ANOVA results on the 
differences in light intensity between times after clearing and treatments were not 
significant. The R-values between the algal compositions in the clearing control and 
partial cage treatments of the ANOSIM pairwise test were less than 0.25, elucidating that 
the composition of algae in the partial cage treatment was similar to those in the clearing 
control treatment. 
Algal compositions between the clearing control and complete cage treatment in the 
Spring 03 and Autumn 03 set-ups were comparatively more separated. Several fleshy 
erect algal species, Padina australis, Laurencia jejuna, Sargassum spp. and Hypnea 
charoides of the Spring 03 set-up, Hypnea charoides of the Autumn 03 set-up in the 
complete cage treatments occurred as dense stands, but were rare or had never been 
recorded in the clearing controls. Generally, algae in the complete cage treatments would 
become more plentiful, such as the extremely high coverage of Sargassum spp. and 
Hypnea charoides, than in the clearing control and partial cage treatments in the latter 
months of the experimental period in some set-ups. Sometimes, such a coverage of these 
most dominant algae might be more than 100% in reality, as the measurement of 
percentage cover considered only the two dimensional scales of the algae and not their 
increase in thickness and length. Hence, algae might continue to grow even though the 
coverage had reached 100%. Since the plots in this experiment were cleared with chisel 
or hammered to remove all the attached organisms, the rapid increase in the percentage 
cover of algae in these complete cage treatments were unlikely to be led by the vegetative 
growth of algal remnants from pre-treated algal thalli. This result was consistent with that 
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reported by Kong (2002) that there were no difference in algal recruitments between 
clearing plots cleared with chisel alone or plots that were hammered to remove the top 
layer of the substrata. 
The recruitment patterns of algae in Spring 03 and Winter 03 set-ups were different from 
those in Autumn 03 set-up. Recruitment concentrated only within two months after 
clearing in the complete cage treatment of Spring 03 and Winter 03 set-ups. The high 
coverage of algae and the duration of recruitment after clearing in the complete cage 
indicated that the treatment did provide a benign environment for the overall growth of 
algae at the latter stages of the experiment. The variations in the complete cage treatment 
may be due to differences in the herbivory pressure as the experimental caging effects 
were negligible (discussed below). The Kruskal-Wallis tests on the percentage cover of 
algae between the caging and non-caging treatments showed most of the comparisons to 
have non-significant differences. This may be due to the fact that the percentage cover 
within the replicates varied more than that between treatments. 
Similar to the percentage cover of algae, the average densities of herbivores in each 
treatment were similar, as the dominant herbivores, such as Euplica scripta, hermit crabs 
and Cerithidea spp., were small enough to penetrate through the mesh into the cages. 
Numerous studies have reviewed the importance of small herbivores, namely 
mesograzers or microherbivores, on the recruitment or survival of algae. Small herbivores 
were seldom observed to have measurable effects. Marcoalgae were unaffected by the 
grazing pressure of the limpet Patelloida in Australia (Jernakoff, 1985b). Carpenter (1986) 
provided a detailed explanation of the roles of small herbivores on algae. The roles of 
small herbivores on the algal communities were very limited and their effects on algal 
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biomass were minimal. Even under high densities，small herbivores only had a minor 
direct role. Limited mouth part size and handling capabilities of small herbivores can 
remove a small portion of algal daily production, which brought no deteriorating effects 
on the damaged algae (Carpenter, 1986). 
Although the cage could not exclude small herbivores, the complete cage treatments 
effectively excluded large herbivores. Dayton (1975) mentioned that the effects of 
molluscan herbivores on the recruitment and survival of algae were negligible, but the sea 
urchin Strongylocentrotus sp. did play an important role in structuring algal community. 
The herbivore composition in the complete cage treatments was different from those of 
the other three treatments in the present study. Larger herbivores, such as fishes -
Sebastiscus marmoratus and Bathygobius meggetti, sea urchin - Temnopleurus 
toreumaticus, gastropods - Tectus pyramis and Cypraea arabica and nudibranchs, were 
sometimes present in the clearing control and partial cage treatments but not in the 
complete cage treatment. Sea urchins and gastropod marcograzer controlled algal 
assemblages differently in the manipulative experiments in Cape d'Aguliar, in which the 
former affected the assemblages by creating bare space for recolonization and the latter 
removed the propagules of competitively superior algae (Wai, 2004). In this study, sea 
urchin was likely to exert similar effect to algae in some of the clearing control and partial 
cage treatments. However, Euplica scripta, the most dominant but strictly subtidal 
gastropod in this study is unlikely to play a similar role in structuring algal assemblages 
as the gastropod macrograzer in the intertidal habitat (see further discussion below and in 
Chapter 4). Moreover, Hay (1984) suggested that fluctuations in the densities of 
herbivorous fishes and sea urchin Diadema antillarum in the Caribbean were controlled 
by predation, but the effect of predation in this present study was unclear. 
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3.4.3 Effects of seasonality of clearing on algal and herbivore dynamics 
Many studies reviewed the importance of clearing or disturbance on the successional 
process of the algal populations as recolonization of algae mostly happens immediately 
after the clearing (Kennelly and Larkum, 1983; Kennelly, 1987; Serisawa et al , 1998). 
When the clearing time coincides with the recruitment season, the succession process 
may be promoted by having middle successional algae right after the clearing (Kennelly, 
1987). Kennelly (1987) reported the colonization of kelps during winter clearing in 
Australia, but only turf algae in spring, summer and autumn. Sousa (1979) observed that 
algae which exhibited no seasonality and which had vast propagule reproduction, i.e. 
ephemeral algae, usually recolonized on the open spaces first, due to their properties of 
high fecundity and fast growth. After a period of time, later successional algae will recruit 
on the spaces. 
In this study, turf algae were the common early colonizer in all plots after clearing. 
However, algal species that appeared in the later stages of succession varied with the 
clearing time. The clearing control in Autumn 02 set-up began the successional process 
by having turf algae and Hypnea charoides initially, being displaced by Padina australis 
in April 03 and finally being monopolized by Lobophora variegata in June 03. 
Colpomenia sinuosa and Padina australis were the main colonizers after turf algae, 
followed with the monopolization of Lobophora variegata in the Winter 03 set-up. 
Differences in the later colonizers could be attributed by a combined interaction between 
clearing time and the presence of algal propagules, i.e. the colonization by propagules of 
Colpomenia sinuosa and Padina australis on the cleared plots right after the Winter 03 
set-up clearing in March 03. Serisawa et al. (1998) revealed that different algal 
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assemblages were found when the bare surface opened at the beginning or at the later 
period of algal recruitment seasons. The results of this study agree well with the results of 
Kong (2002) in that no succession patterns were observed in the clearing control cleared 
at the end of the perennial algal reproductive seasons (i.e. Spring 03 set-up - cleared in 
April 03，Summer 03 set-up — in July 03). Lobophora variegata and turf algae persisted in 
the plots of Summer 03 and Autumn 03 set-ups. Lack of successional patterns in these 
plots may be due to the absence of reproductive propagules and summer die back in the 
study site during the early stage of opening of the rock surface (Kennelly and Larkum, 
1983; Kennelly, 1987; Serisawa et al., 1998). Algae in the Autumn 03 set-up showed no 
succession also. This is possibly due to the short sampling period that was not long 
enough for the later succession algae to develop. 
The succession process became more complicated in the plots with complete cages. In 
general, more than one algal species survived a particular successional stage in these plots 
when compared with the other non-complete cage treatments. Padina australis and 
Laurencia jejuna displaced Hypnea charoides in April 03, and eventually, Lobophora 
variegata and Sargassum spp. occupied the plots at the end of the one year monitoring in 
the Autumn 02 set-up. The succession was more obvious and recognizable in the 
complete cage treatment of the Winter 03 set-up. Padina australis and Hypnea charoides 
displaced Colpomenia sinuosa and dominated for about two months, then, the algae were 
replaced by Lobophora variegata. Lobophora variegata lived for a long period in the 
complete cage plots, but diminished and was replaced by Hypnea charoides and 
Sargassum spp. on the 11th and 12th months after clearing in the Winter 03 set-up. Unlike 
in the clearing control, succession was observed in the complete cage treatment in Spring 
03 set-up, although the pattern was not as clear as those in the Autumn 02 and Winter 03 
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set-ups. Reproductive structures of Sargassum spp. were observed in late November 2003 
during the general survey (Chapter 2). The appearance oiSargassum spp. in January 04 in 
the complete cage treatment of the Spring 03 set-up was probably resulted from the 
recruitment of propagules produced from the reproductive season in late November 2003 
(Chapter 2). Lubchenco (1978) suggested that the dominance of algae depends on 
seasonal patterns of their recruitment and the relative growth rate of the species involved. 
Foster (1975)，Kain (1975), Harlin et al. (1977) and Serisawa et al. (1998) reported the 
same phenomena of the difference in recruitment patterns that was related to the starting 
seasons, that is the time of having opened substratum. 
Perennial algae reproduce and recruit more seasonally than the ephemeral algae. 
Propagules of Colpomenia sinuosa were observed in the water column of A Ye Wan on 28 
November 03 and macrorecruitment appeared about a month later. In the situation of 
Hong Kong, winter and spring were the growing seasons of perennial algae (Williams, 
1993; Kong, 2003). The macroalgae coverage in the low shore open areas at Cape 
d'Aguilar, Hong Kong exceeded 20% from December 1990 to April 1990, percentage 
cover of macroalgae was less than 20% beyond this period (Williams, 1993). Kong (2002) 
reported that Hypnea charoides in A Ma Wan and Lung Lok Shui of Tung Ping Chau, 
Hong Kong occurred in winter to spring (November to April) but disappeared in summer 
and fall consistently from 1996 to 1999. In Winter 03, Spring 03 and Summer 03 set-ups, 
algae in the clearing control, complete and partial cage treatments only increased slightly 
from September 03 to December 03, suggesting that the cleared areas were still not 
favorable for the later successional algae to develop. The cover of algae in Autumn 03 
set-up increased dramatically from 4 November 03 to 28 November 03 as a result of the 
growth of turf algae. However, the percentage cover of other algae remained negligible 
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when the turf algae were excluded from the analysis. 
Compositions of herbivores between set-ups differed only significantly in the complete 
cage treatment. The R values in ANOSIM indicated clear difference but with overlaps in 
these compositions. Euplica scripta and hermit crabs seldom appeared in the Spring 03 
and Autumn 03 set-ups, but were frequently counted in Autumn 02 and Winter 03 set-ups. 
The densities of herbivores fluctuated over time. Similar to the observations made in the 
general survey (Chapter 2), herbivore density increased generally from March 03 and 
peaked at around May 03. This increase may be due to the recruitment of the common 
herbivores in Tung Ping Chau, and hence the increase in the densities of Euplica scripta, 
hermit crabs and Bathygobius meggetti. Densities of herbivores after July 03 in the Spring 
03 set-up and in the whole sampling period of the Autumn 03 set-up were relatively 
similar. 
3.4.4 Interactions of algae and herbivores 
Algae determine and maintain the community structures of the marine environment by 
trophic interactions with herbivores (Sammarco, 1982; Carpenter, 1986; John et al., 1992; 
Sala, 1997; Kim, 1997; Sala et al., 1997; Ferreira et al., 1998; Anderson, 1999; Bertness 
et al., 1999; Worm et al.，1999; Konar, 2000). Factors, like the morphology, toughness, 
presence of secondary metabolites, locations and timing of algae, mouth part, digestive 
systems, mobility, sensation cues and tolerant to secondary metabolites of herbivores, can 
affect the interactions between algae and herbivores (Lubchenco and Gaines, 1981; Paul 
and Hay, 1986; Hay, 1988). Also, these relationships do not only involve two trophic 
levels. Predation of herbivores by carnivores would also affect the algal assemblages 




Significant positive relationships between algae and herbivores were found in the 
complete cage treatment of the Winter 03 set-up (with time lags by moving data of 
herbivores three months backwards to three months forward), clearing control and partial 
cage treatment of the Spring 03 set-up (with time lags by moving data of herbivores three 
months backwards to two months forward). This implied that algae and herbivores 
depend on each other and this dependence changes with season. The algal and herbivore 
relationships were compared in the presence of time lag as it takes time for the juvenile of 
algae or herbivores to become visible. Boeing (1998) discovered a one-month time lag 
between changes in grazing pressure and a change in phytoplankton mean size through a 
cross-correlation, indicating that a time lag of about one month was present in the 
predator and prey relationships between copepod Daphnia galeata and phytoplankton • In 
the present study, correlations were tested with different time lags by correlating 
herbivorous densities with algal cover of the previous one to three months (-1 to -3 month 
backward) or the succeeding one to three months (+1 to +3 month forward). Significant 
backward correlations suggest the herbivores are controlling the algal covers. In contrast, 
significant forward correlations indicate that induction of herbivore densities by algae. 
Algae control herbivores positively by providing food and/or refuges. Both types of 
interaction appear to be in effect as shown by the presence of significant correlations, 
with or without time lags. The presence of time lag may also suggest that the effects are 
more indirect, i.e. it takes time for the effect to show. Vasquez et al. (1984) found the 
abundance of sea urchins in Puerto Toro of Chile to increase with the giant kelp density, 
owing to the increase in the food sources of the sea urchins. Due to its food preferences, 
the number of sea hare Aplysia parvula was directly related to the abundance of red algae 
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Delisea pulchra and Laurencia obtusa near Sydney. It was absent when these two algae 
were in low abundance (Rogers et al., 2003). When damages from the herbivores are not 
severe enough to bring deteriorating effects to the algae encountered, the algae will 
regrow easily and immediately after the damage. Otherwise, the encountered algae are 
unable to regrow if the damages are too heavy. Since only positive relationships were 
found between the abundance of algae and herbivore in this manipulative experiment, it is 
believed that algae in the present study act as the food source or refuges for herbivores. 
To investigate the food preference of common herbivores, an artificial food experiment 
on several common algal species was conducted as the last part of this research (Chapter 
4). It was found that Ulva lactuca was the most preferred algal species and Sargassum 
spp. was the least preferred by the common herbivores. 
Besides being a food source, algae bring positive effects to the densities of herbivores by 
acting as refuge, allowing the herbivores to stay underneath the thallus as protections 
against predation, heat, desiccation and wave exposure stresses. The numbers of small 
herbivores, such as amphipods, polychaetes and gastropods, were positively correlated 
with algal biomass. Carpenter (1986) explained that the positive relationships were a 
result of the algal communities providing refuges to these groups of herbivores. Schmitt 
et al. (1983) believed that kelp was a highly important habitat for the gastropods to live 
on in the presence of predators like lobsters and whelks. Their study reported that the 
mortality of gastropods increased once they were dislodged from the kelp or they 
occupied the non-kelp benthic substrata. Watanabe (1984) pointed out that the abundance 
of trochids Tegula increased when they were associated with benthic algae in central 
California. This was probably due to their ability to escape from sea stars and demersal 
fishes in the presence of algae. In the absence of seaweeds, those trochids were exposed 
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and hunted by the predators. Leafy algae did serve as refuges for gastropods in this 
present study, as Euplica scripta, Chlorostoma rustica and other herbivores were easily 
observed on or under the thalli of Sargassum spp. and Padina australis. 
In addition, herbivores could control the abundance of algae. The populations of algae 
could be enhanced by propagule dispersal with the helps of herbivores. Santelices (1992) 
mentioned numerous types of algae that survived after passing through the digestive tracts 
of some grazers, and this was known as a kind of adaptive mechanism for algae against 
predation. Germination, regeneration and growth of partially digested or non-digested 
algal propagules and vegetative tissues，as well as the buccal morphology and digestion 
efficiency of herbivores are important to the survival of algae after ingestion (Santelices, 
1992). Ulva spp. and blue-green algae grew from the faecal pellets of the limpet 
Patellodia latistrigata and the presence of live carpospores of Iridaea laminariodies in 
the faecal pellets of amphipods showed that the dispersal by herbivores are very 
important to algae (Jernakoff, 1985a). Algal propagules inside the fecal pellets survived 
better than free algal propagules. Santelices and Ugarte (1989) reported that the sinking 
rate of propagules inside limpet's pellets were 40 to 100 folds faster than common free 
algal propagules. Fast sinking rate helps to reduce the time in the water column, and 
hence minimizes the chance of being consumed in the column. Some literature, mostly 
terrestrial studies, reviewed that consumption by herbivores could increase the plant 
biomass (McNaughton, 1979; Owen and Wiegert, 1981; Hay, 1986). Littler et al. (1995) 
pointed out that the biomass increase of a crustose coralline alga Porolithon 
pachydermum was induced by the feeding of chiton. The increase could be explained by 
the stimulations of new meristematic activity and the removals of propagules of the 
competitively superior algae, and hence, favor the preys' survival and growth (Littler et 
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al., 1995). Herbivores could enhance algal development by removing competitive 
colonists (Steneck et al, 1991; Wai, 2004). 
The relationships between algae and herbivores varied greatly with set-ups and treatments. 
Winter 03 and Spring 03 set-ups exhibited comparatively more significant positive 
relationships between algae and herbivores than in the other set-ups. Herbivores were 
most abundant from March 03 to July 03 during or few months after the clearing time in 
the Winter 03 and Spring 03 set-ups. The herbivore densities during this period were high 
enough to affect the algae. In contrast, low densities of herbivores and the dominance of 
small herbivores in other set-ups were unable to bring noticeable effect on algal covers. 
Dominating algae like Lobophora variegata are tough and in crustose form that provide 
neither food sources for most herbivores nor shelters for large herbivores. As a result, no 
significant relationships were found between the abundance of algae and herbivores in the 
control. Significant relationships were found in the complete cage treatment but not in the 
other treatments in the Winter 03 set-up. This may be explained by the comparatively 
more protected environment in the complete cage treatment against grazing by large 
herbivores, like fishes and sea urchins. The protection allowed small herbivores to exert 
their effects effectively and regularly. In contrast, large herbivores grazed dynamically on 
the opened plots. Together with the grazing effects of smaller herbivores, the pattern of 
abundance of algae became unpredictable. The absence of significant relationships in the 
complete cage treatment of the Autumn 03 set-up may be due to the short sampling period 
covered. 
To summarize, the recruitment seasons of algae in the manipulative experiment were the 
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same as in the general survey, and the peak of algal cover appeared around September 03 
to December 03. Algal coverage was the highest in the control in all set-ups as Lobophora 
variegata was probably the most competitive algae that appeared throughout the whole 
study period. The algal compositions in the three clearing treatments did not recover to 
become similar to the composition in the control, implying that the one-year study was 
too short for the completion of succession. Algal species that appeared on the clearing 
plots were most likely determined by the clearing time, with more perennial algal species 
could be found when the plots were cleared during the recruitment season of these 
perennial algae. The complete cage treatment provided a benign environment for algae to 
grow as the cage could exclude large herbivores. The composition of herbivores did not 
change significantly with time，but larger herbivores were only recorded in 
non-completely caged treatments. Positive interactions were found between the 
abundance of algae and herbivores in some plots. This could indicate that they relied on 
each other to some extents，as algae can be the refuges and food sources of herbivores. In 




Table 3.1 Sampling dates in each set-up of the cage experiment. 
Sampling Date S e t ' u P s 
Autumn 02 Winter 03 Spring 03 Summer 03 Autumn03 
12 Nov 02 * 
26 Nov 02 * 
17 Dec 02 * 
28 Dec 02 * 
10 Jan 03 * 
21 Jan 03 * 
5 Feb 03 * * 
19 Feb 03 * * 
5 Mar 03 * * 
18 Mar 03 * * 
2 Apr 03 * * 
15 Apr 03 * * 
7 May 03 * * * 
19 May 03 * * * 
3 Jun 03 * * * 
18 Jun 03 * * * 
15 Jul 03 * * * 
1 Aug 03 * * * * 
19 Aug 03 * * * * 
9 Sep 03 * * * * 
25 Sep 03 * * * * 
2 Oct 03 * * * * 
18 Oct 03 * * * * 
4 Nov 03 * * * * 
28 Nov 03 * * * * 
2 Dec 03 * * * * 
16 Dec 03 * * * * 
6 Jan 04 * * * * 
20 Jan 04 * * * 
3 Feb 04 * * * 
13 Feb 04 * * * 
14 Mar 04 * * * 
24 Mar 04 * * * 
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Table 3.2 Results of Kruskal-Wallis tests comparing the monthly algal percentage cover, 
excluding turf, in the Autumn 02 and Winter 03 set-ups. 1 = Control vs. Clearing Control, 
2 = Clearing Control vs. Complete Cage vs. Partial Cage, and 3 = between four 
treatments. 
Sampling Autumn02 Winter 03 
d a t e 1 2 3 1 2 3 
12 Nov 02 0.037* 0.144 0.033* 
26 Nov 02 0.046* 0.055 0.022* 
17 Dec 02 0.046* 0.424 0.064 
28 Dec 02 0.049* 0.502 0.070 
10 Jan 03 0.046* 0.784 0.085 
21 Jan 03 0.046* 0.491 0.070 
5 Feb 03 0.047* 0.646 0.080 0.046* 0.714 0.070 
19 Feb 03 0.046* 0.729 0.084 0.046* 0.143 0.037* 
5 Mar 03 0.046* 0.046* 0.021* 0.047* 0.149 0.044* 
18 Mar 03 0.049* 0.039* 0.019* 0.047* 0.603 0.087 
2 Apr 03 0.049* 0.099 0.031* 0.083 0.707 0.229 
15 Apr 03 0.513 0.166 0.079 0.513 0.166 0.079 
7 May 03 0.513 0.393 0.287 0.513 0.066 0.092 
19 May 03 0.046* 0.170 0.040* 0.513 0.113 0.129 
3 Jun 03 0.047* 0.393 0.084 0.046* 0.084 0.028* 
18 Jun 03 0.047* 0.561 0.075 0.046* 0.430 0.066 
15 Jul 03 0.046* 0.561 0.345 0.037* 0.252 0.047* 
1 Aug 03 0.046* 0.904 0.280 0.046* 0.561 0.074 
19 Aug 03 0.046* 0.733 0.253 0.046* 0.864 0.092 
9 Sep 03 0.034* 0.441 0.239 0.046* 0.895 0.105 
25 Sep 03 0.046* 0.292 0.180 0.037* 0.566 0.081 
2 Oct 03 0.050 0.499 0.214 0.046* 0.790 0.098 
18 Oct 03 0.507 0.121 0.175 0.047* 0.405 0.124 
4 Nov 03 0.076 0.507 0.174 
28 Nov 03 0.121 0.738 0.355 
2 Dec 03 0.564 0.651 0.710 
16 Dec 03 0.248 0.651 0.655 




Table 3.3 Results of Kruskal-Wallis tests comparing the monthly algal percentage cover, 
excluding turf algae, in the Spring 03，Summer 03 and Autumn 03 set-ups. 1 = Control vs. 
Clearing Control, 2 = Clearing Control vs. Complete Cage vs. Partial Cage, and 3 = 
between four treatments. 
Sampling Spring 03 Summer 03 Autumn 03 
d a t e 1 2 3 1 2 3 1 2 3 
7 May 03 0.046* 0.052 0.021* 
19 May 03 0.046* 0.052 0.033* 
3 Jun 03 0.046* 0.358 0.059 
18 Jun 03 0.046* 0.132 0.035* 
15 Jul 03 0.046* 0.288 0.047* 
1 Aug 03 0.046* 0.641 0.047* 0.05 0.105 0.023* 
19 Aug 03 0.046* 0.729 0.048* 0.05 0.471 0.062 
9 Sep 03 0.046* 0.288 0.037* 0.05 0.864 0.092 
25 Sep 03 0.037* 0.161 0.037* 0.046* 0.864 0.089 
2 Oct 03 0.046* 0.184 0.042* 0.046* 0.988 0.095 
18 Oct 03 0.049* 0.225 0.047* 0.046* 0.670 0.082 
4 Nov 03 0.046* 0.578 0.075 0.037* 0.837 0.140 0.034* 1.00 0.013* 
28 Nov 03 0.083 0.587 0.156 0.046* 0.837 0.192 0.046* 0.558 0.037* 
2 Dec 03 0.275 0.875 0.333 0.059 0.837 0.092 0.046* 0.486 0.046* 
16 Dec 03 0.184 0.670 0.343 0.046* 0.837 0.204 0.046* 0.939 0.046* 
6 Jan 04 0.513 0.957 0.816 0.085 0.725 0.186 0.046* 0.558 0.042* 
20 Jan 04 0.500 0.925 0.489 0.050 0.875 0.287 0.046* 0.350 0.044* 
3 Feb 04 0.050 0.875 0.238 0.127 0.733 0.303 0.046* 0.147 0.034* 
13 Feb 04 0.050 0.393 0.147 0.050 0.875 0.287 0.046* 0.108 0.031* 
14 Mar 04 0.513 0.252 0.294 0.127 0.361 0.195 0.046* 0.050 0.021* 




Table 3.4 Results of two-way ANOVA on differences in the algal percentage cover, 
excluding turf algae, between set-ups (Autumn 02, Winter 03, Spring 03, Summer 03 and 
Autumn 03) and treatments (Clearing control, complete and partial cage treatments). The 
data were square root transformed. 
Source DF MS F p 
Set-up 4 314.718 63.779 <0.001 
Treatment 2 57.378 11.160 0.003 
Set-up x Treatment 8 4.933 0.615 0.766 

































































































































































































































































































































































































































































































































Table 3.6 Comparison of algal compositions between control, clearing control, complete 
and partial cage treatments in different set-ups. (a) One-way ANOSIM tests on the algal 
compositions between treatments in different set-ups (b) R statistics from the pairwise test 
between treatments of different set-ups. 
(a) 
Set-up Sample statistic (Global R) p 
Autumn 02 0.41 0.001 
Winter 03 0.204 0.015 
Spring 03 0.37 0.001 
Summer 03 0.466 0.001 
Autumn 03 0.386 0.01 
(b) 
Groups Autumn 02 Winter 03 Spring 03 Summer 03 Autumn 03 
Control, Clearing Control 0.815* 0.333 0.556 1* 1* 
Control, Complete 0.556 0.37 0.926* 0.556 1* 
Control, Partial 0.815* 0.481 0.407 0.815* 1* 
Clearing Control, Complete 0.148 0.074 0.444 0.148 0.481 
Clearing Control, Partial 0.111 0.074 0.222 0.148 0 
Complete, Partial 0.074 0.222 0.37 0.259 0.222 
R>0.75 well separated 
0.75>R>0.5 overlapping but clearly different 




Table 3.7 Comparison of algal compositions in different controls and treatment plots in 
Autumn 02, Winter 03，Spring 03，Summer 03 and Autumn 03 set-ups. (a) One-way 
ANOSIM tests on the algal compositions between set-ups in different treatments (b) R 
statistics from the pairwise test between set-ups in different treatments. 
(a) 
Treatment Sample statistic (Global R) p 
Control 0.274 0.006 
Clearing control 0.527 0.001 
Complete 0.055 0.285 
Partial 0.338 0.013 
(b) 
Clearing 
Groups Control Complete Partial 
control 
Autumn02, Winter03 0.074 0.37 0.074 0.074 
Autumn02, Spring03 0.037 0.333 0.37 0.185 
Autumn02, Summer03 0.111 0.37 0.111 0.074 
Autumn02, Autumn03 1* 1* 0.296 0.667* 
Winter03, Spring03 0 0.037 0.296 0.185 
Winter03, Summer03 0.074 0.444 0.037 0.074 
Winter03, Autumn03 1* 0.963* 0.296 0.667* 
Spring03, Summer03 0.222 0.148 0.222 0.148 
Spring03, Autumn03 1* 1* 0.333 0.889* 
Summer03, Autumn03 1* 1* 0.074 0.889* 
R>0.75 well separated 
0.75>R>0.5 overlapping but clearly different 




Table 3.8 Results of two-way ANOVA on the difference in herbivore density between 
treatments (control, clearing control, complete and partial cages) and set-ups (Autumn 02, 
Winter 03, Spring 03，Summer 03 and Autumn 03) at the second month after clearing. 
Data were log(x + 1) transformed. 
DF MS F p 
Set-up 4 0.661 4.232 0.039 
Treatment 2 0.885 6.009 0.025 
Set-up x Treatment 8 0.156 6.215 <0.001 







































































































































































































































































































































































































































































































Table 3.10 Comparison of herbivore compositions between control, clearing control， 
complete and partial cage treatment plots in different set-ups in the manipulative 
experiments, (a) One-way ANOSIM tests on the herbivore compositions between 
treatments in different set-ups (b) R statistics from the pairwise test between treatments of 
different set-ups. 
� 
Set-up Sample statistic (Global R) p 
Autumn 02 0.37 0.005 
Winter 03 0.028 0.681 
Spring 03 0.296 0.05 
Summer 03 0.401 0.002 
Autumn 03 0.296 0.03 
® 
Groups Autumn 02 Winter 03 Spring 03 Summer 03 Autumn 03 
Control, Clearing Control 0.519* 0.074 0.37 0.741 0.778* 
Control, Complete 0.259 0.185 0.926* 0.778 0.778* 
Control, Partial 0.185 0.074 0 0.074 0.037 
Clearing Control, Complete 0.63 0.111 0.074 0.111 0.074 
Clearing Control, Partial 0.741 0.037 0.148 0.667* 0 
Complete, Partial 0.074 0.185 0.37 0.667* 0.296 
R>0.75 well separated 
0.75>R>0.5 overlapping but clearly different 




Table 3.11 Comparison of herbivore compositions between treatment plots in Autumn 02, 
Winter 03, Spring 03，Summer 03 and Autumn 03 set-ups. (a) One-way A N O S I M tests on 
the herbivore composition between set-ups in different treatments (b) R statistics from the 
pairwise test between set-ups in different treatments. None of the R statistic was 
statistically significant. 
⑷ 
Treatment Sample statistic (Global R) p 
Control 0.032 1 
Clearing control 0.001 0.461 
Complete 0.276 0.001 
Partial 0.089 0.178 
(b) 
Groups Control Clearing Complete Partial r
 control
 r 
Autumn02, Winter03 0.013 0.222 0.259 0.111 
Autumn02? Spring03 0.011 0.148 0.593 0 
Autumn02, Summer03 0.038 0 0.481 0.074 
Autumn02, Autumn04 0.096 0 0.556 0.37 
Winter03, Spring03 0.009 0.037 0.519 0.111 
Winter03, Summer03 0.034 0.111 0.333 0 
Winter03, Autumn04 0.098 0.111 0.519 0.148 
Spring03, Summer03 0.025 0 0.074 0.037 
Spring03, Autumn04 0.072 0 0 0.185 
Summer03, Autumn04 0.035 0.111 0.074 0.519 
R>0.75 well separated 
0.75>R>0.5 overlapping but clearly different 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.17 Rank correlation coefficients between the abundance of algae and the densities 
of herbivores in the manipulative experiment using RELATE in PRIMER 6. Time lag 
comparison was also made by adjusting the densities of herbivores up to two months 
backward (-2) to two months forward (+2). 
。i ^ No. of Months of Time-lag 
Set-up Treatment 
-2 -1 0 +1 +2 
Autumn 02 Control 0.029 0.027 0.189* 0.258* 0.352* 
Clearing 0.07 0.022 0.113* 0.277* 0.303* 
Complete 0.101* 0.012 0.033 0.072 0.089 
Partial 0.02 0.077 0.13* 0.13* 0.169* 
Winter 03 Control 0.09 0.07 0.19* 0.283* 0.384* 
Clearing 0.098 0.186* 0.286* 0.43* 0.481* 
Complete 0.007 0.023 0.053 0.02 0.035 
Partial 0.047 0.047 0.125* 0.238* 0.222* 
Spring 03 Control 0.107 0.094 0.008 0.039 0.052 
Clearing 0.094 0.098 0.25* 0.243* 0.365* 
Complete 0.026 0.008 0.028 0.052 0.013 
Partial 0.267* 0.291* 0.399* 0.363* 0.284* 
Summer 03 Control 0.048 0.098 0.01 0.005 0.076 
Clearing 0.056 0.139* 0.134* 0.114 0.045 
Complete 0.039 0.001 0.075 0.043 0.038 
Partial 0.063 0.03 0.059 0.032 0.007 
Autumn 03 Control 0.167 0.073 0.009 0.013 0.061 
Clearing 0.141 0.228* 0.299* 0.253* 0.284* 
Complete 0.092 0.065 0.052 0.217* 0.197 




Table 3.18 Results of two-way A N O V A on differences in the sizes of herbivores in the 
four treatments (control, clearing control, complete and partial cage treatments) in five 
set-ups (autumn 02，winter 03, spring 03, summer 03 and autumn 03). 
Source DF M S F p 
Treatment 3 2815.575 14.493 <0.001 
Set-up 4 730.468 3.984 0.027 
Treatment x Set-up 12 182.293 0.693 0.759 
Error 658 263.193 
KolmogorovSmirnov Test: Z = 1.366, p = 0.121 
Test of Homogeneity of Variances: Levene Statistic = 0.778，p = 0.524 
Turkey's H S D Test: Treatment — Partial > Clearing = Control > Complete 
Set-up - Winter 03 > Summer 03 
Table 3.19 Results of two-way A N O V A on differences in the light intensity between time 
after clearing (three, six and nine months) and treatments (control, clearing control, 
complete and partial cage treatments). 
Source SS DF M S F p 
Time 0.233 2 0.116 1.404 0.316 
Treatment 1.063 3 0.354 4.275 0.061 
Time x Treatment 0.499 6 0.083 1.477 0.195 
Error 5.067 90 0.056 
KolmogorovSmirnov Test: Z = 1.263，p = 0.083 
Test of Homogeneity of Variances: Levene Statistic = 0.379, p = 0.063 
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Fig. 3.1 Cages used in the manipulative experiment (a) complete cage with mesh on 
all sides to exclude all herbivores (b) partial cage to act as the cage control that will 









(c) Complete cage treatment 
• • • • • • • • • • • • • • l i ^ H 
(d) Partial cage treatment 
H E 
Fig. 3.2 The four treatments in the manipulative experiment in A Ye Wan. (a) control, (b) 
clearing control treatment, (c) complete cage treatment and (d) partial cage treatment. 
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(d) Summer 03 
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Fig 3.3 Mean percentage cover of algae in the different treatments of the five set-ups in 
the manipulative experiments, (a) Autumn 02 (b) Winter 03 (c) Spring 03 (d) Summer 03 
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(d) Summer 03 
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Fig 3.4 Mean percentage cover of algae, tuft excluded, in the different treatments of five 
set-ups in the manipulative experiment (a) Autumn 02 (b) Winter 03 (c) Spring 03 (d) 
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Fig 3.31 Mean density of herbivores (individual/100cm2) in different treatments of (a) 
Autumn 02 (b) Winter 03 (c) Spring 03 (d) Summer 03 (e) Autumn 03 set-ups in the 
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Fig. 3.45 Mean (士 SD) light intensity (PAR) above each plot under the four treatments three, 




Feeding Behavior of Common Herbivores in the Artificial Food Experiment 
4.1 Introduction 
Herbivores exhibit different kinds of foraging patterns depending on their habitats and 
taxonomic groups. Foraging is defined as the behavior exhibited by the herbivores when 
searching for and acquiring their foods (Underwood and Chapman, 1992). There are two 
components associated with the foraging behaviors: first, encountability, i.e. how efficient 
do the herbivores encounter different algae; next, the response, for example the feeding 
behaviors, of the herbivores to the algae (Lubchenco and Gaines, 1981). These 
components are controlled by complex biological parameters of the associated alga and 
herbivorous individuals and physical parameters of the surrounding environment. 
After encountering the algae, the effectiveness of the herbivore to eat the algae depends 
on the morphology, chemical composition, feeding deterrent and nutritional values of the 
encountered plant. These are the strategies imposed by the algae against the herbivores. It 
is commonly accepted that crustose or encrusting algae are the most difficult form for 
herbivores and they are usually the least preferred (Littler and Littler, 1980; Steneck and 
Watling, 1982; Jensen, 1983). A transplant experiment on the Caribbean coast showed 
foliose Padina sp. to be preferred by herbivorous parrotfishes but not its prostrate, highly 
branched turf form (Lewis et al., 1987). Calcified compounds in the cell of the algae 
determine the toughness of the plant individuals. Algal thalli are more resistant to 
mechanical abrasion and less susceptible to being bitten by the herbivores if the 
individuals are tough enough. Paul and Hay (1986) indicated that 50% of the least 
preferred algal species had calcified thalli, but only 9% of the most preferred species did. 
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Feeding rates of fishes with acidic digestive tracts decreased when calcium carbonate was 
added to their food (Hay et al., 1994). Secondary metabolites are present in algae as a 
form of feeding deterrent, acting as toxins or digestive inhibitors (John and Lawson, 
1990). Paul and Hay (1986) recorded 71% of the least preferred algae to contain 
secondary metabolites, whilst 20% in the most preferred algae did. The presence of 
secondary metabolites is either constitutive or facultative. Facultative, or inducible, 
defenses are produced when the damages by herbivores are unpredictable and variable. 
Halimeda spp. in Guam converted the secondary metabolite from the less deterrent form 
to the more potent feeding deterrent form after injury (Paul and Van Alstyne，1992). Once 
the algae have been encountered, herbivores preferred to graze on young or newly grown 
thallus, owing to its high nutritional values. However, deterrent was induced in the algae 
upon the encounter (Duffy and Hay, 1990). 
Besides the strategies exhibited by the algae against herbivores, feeding efficiency and 
preferences of herbivore could be determined by their abilities to challenge such strategies. 
Digestive capabilities, detoxification abilities, nutrient requirements and the past feeding 
history of the herbivores are the crucial factors affecting the feeding efficiency of these 
herbivores. However, these factors are seldom studied (Lubchenco and Gaines, 1981). 
Laboratory based artificial food experiment was performed to investigate the feeding 
preference of selected herbivores. Artificial food can retain the nutrition values and 
chemical deterrents in the algae as well as avoid the effects caused by size and shape 
differences in the algae to the feeding efficiency of herbivores. The food, a mixture of 
agar and freeze-dried algae, is widely used in phycological studies particularly in the 
studies on the effects of chemical composition and secondary metabolites on herbivores 
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(Hay et al., 1994; Schupp and Paul, 1994; Wakefield and Murray, 1998). However, owing 
to its artificial nature, this method can provide solely the relative consumption rate and 
preference of the herbivores on the food containing different algae, and acts as an indirect 
evidence to support the algal preferences of the herbivores. 
The food preference of individual herbivore group was not clearly known from the in situ 
monitoring (Chapter 2) due to the complex nature of interactions among herbivore groups, 
algal species and environmental conditions. There is therefore a need to investigate the 
feeding behaviors exerted by different herbivore groups under controlled conditions. Food 
preference feeding experiments were carried out and artificial foods made with four 
common algal species were tested by three herbivore groups commonly found in Tung 
Ping Chau. 
The herbivores Euplica scripta and hermit crabs Pagurus spp. were selected in this 
laboratory experiment as they were the most dominant herbivores found in the general 
survey and the manipulative cage experiments (Chapters 2 and 3). Sea urchins and 
gastropods are considered to be the most important herbivores in temperate region 
(Ruitton et al” 2000). The sea urchin Temnopleurus toreumaticus, therefore, was also used 
in this study although it was found in comparatively low abundance in the field (Chapter 
2). 
4.2 Materials and Methods 
4.2.1 Sample collections 
Algae {Hypnea charoides, Padina australis, Sargassum glaucescens and Ulva lactuca) 
with complete thallus were collected during the peak seasons of their growth. The samples 
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were kept in seawater during transport to avoid desiccation and were reared in the 
ventilated tank before freeze-drying. A day prior to freeze drying, epiphytes attached on 
the samples were washed thoroughly with deionized water. The samples were then frozen 
at -70°C for a day. Liquid nitrogen was poured into the samples for freezing at -170°C. 
After that, the samples were put into the freeze drier for seven to ten days. The 
freeze-dried samples were blended into powder by a blender. Sieve was used to separate 
the larger parts and these were blended again. Euplica scripta, Pagurus spp. and 
Temnopleurus toreumaticus were selected in this laboratory experiment due to their 
dominance in Tung Ping Chau. The samples of these herbivores were collected randomly 
by hand and they were kept in the ventilated tank. 
4.2.2 Production of artificial foods 
The artificial foods were prepared by mixing freeze-dried, powdered algal species with 
agar. The agar (0.72g) was mixed with 20 m L of water and heated approximately for 40 s 
in the microwave until boiled. The boiling agar solution was stirred and poured into 16 
m L cold water with 2g of freeze-dried algae. The solution was stirred thoroughly until the 
alga was uniformly distributed (Hay et al., 1994). The algal-agar mixture was poured into 
a square mold. The mold was made from 2 m m thick polystyrene. The algal-agar mixture 
was removed from the mold and put on a board for support. The artificial food was placed 
in the aquarium with flow-through seawater. 
4.2.3 Feeding experiments 
Herbivores were fed with a mixed algal diet before the assays, but starved for a day prior 
to the experiment. To start with, the algal-agar mixture was weighed. Herbivores (1，4, 8 
and 16 individuals) of similar size from a single species were placed in the aquarium with 
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the artificial food for 24 hours. Three sets of aquaria were used for each type of algal diet 
and each species of herbivores. At the end of the experiment, all the artificial foods were 
reweighed (Figs. 4.1 and 4.2). In extreme situation，the artificial food was completely 
consumed. In which case, it would not be considered in the analysis. Aquaria with the 
same experimental condition, but with the absence of herbivores, served as the control (n 
=3). This provided the information on the change of the algal-agar biomass due to 
autogenic factors (Peterson and Renaud, 1989). 
The consumed biomass was calculated by the equation, 
[(Ho x CVC0) - Hf] 
with H 0 and H f corresponded respectively to the initial and final biomass (g) of the 
algal-agar mixture exposed to herbivores, whereas C 0 and C f corresponded to the initial 
and final biomass (g) of algal-agar mixture in the control (Schnitzler et al., 2001). 
4.2.4 Statistical analyses 
The statistical analyses were performed in SPSS for Windows version 11.5 (SPSS Inc.). In 
all analyses, the significance level was set at p=0.05. 
To compare the feeding behavior of the herbivore species in the presence of different algal 
species, differences in the amount of different algal-agar biomass consumed by the 
herbivores were compared using non-parametric Kruskal-Wallis tests. Also, the 
susceptibility of algal species to the same herbivore species was evaluated using 
Kruskal-Wallis tests to compare differences in the amount of different algal-agar biomass 




The consumption rate of the artificial food made from different algae changed negatively 
with the densities of the herbivores (Figs. 4.3 to 4.5). The consumption rates of Euplica 
scripta on Sargassum glaucescens and Ulva lactuca, as well as those of Pagurus spp. on 
Hypnea charoides, Sargassum glaucescens and Ulva lactuca were significantly different 
with densities (Table 4.1). Generally speaking, decreases in consumption rates were found 
when the densities of herbivores increased (Figs. 4.3 to 4.4). No difference in the 
consumption rates was detected for different densities of Temnopleurus toreumaticus 
(Table 4.1). 
The feeding efficiency of Pagurus spp. and Temnopleurus toreumaticus differed 
significantly with algal species (Table 4.2). Pagurus spp. preferred Ulva lactuca the most 
and Sargassum glaucescens the least while Ulva lactuca and Padina australis were more 
preferred by Temnopleurus toreumaticus (Fig. 4.4 to 4.5，Table 4.2). The gastropods did 
not show any preference for different types of algae (Table 4.2). 
Xhe feeding abilities of herbivores on Hypnea charoides and Sargassum glaucescens were 
relatively similar, but were significantly different from those on Padina australis and 
Ulva lactuca (Table 4.3). Temnopleurus toreumaticus was the greatest consumer of 
Padina australis (13.1 土 0.8 g) and Ulva lactuca (17.6 土 6.0 g) (Figs. 4.3 to 4.5, Table 
4.3). In general, Temnopleurus toreumaticus consumed more food (1.3 士 0.8 g per 2 
2 
individuals/100 cm 2 of Sargassum glaucescens to 17.6 土 6.0 g per individual/100 cm of 
Ulva lactuca) than Euplica scripta (0.1 士 0.11 g per 16 individuals/100cm2 of Sargassum 
glaucescens to 1.0 土 0.6 g per individual/100cm2 of Ulva lactuca) and Pagurus spp. (0.02 





 of Ulva lactuca) (Figs 4.3 to 4.5). 
When the feeding abilities of Euplica scripta, Pagurus spp. and Temnopleurus 
toreumaticus were expressed in terms of body weight, no significant differences were 
accounted in the four selected algal species (Table 4.4). 
4.4 Discussion 
The consumption of different algal species by herbivores varied, indicating that different 
herbivorous species had their own preferences to the foods encountered. The most 
dominant herbivore, Euplica scripta, had the same feeding efficiencies on Hypnea 
charoides, Padina australis, Sargassum glaucescens and Ulva lactuca under the same 
experimental conditions. This elucidated that there was no selection of food for this 
species, a behavior that is characteristic of generalist feeders. This also suggests that it can 
tolerate the defensive mechanisms imposed by individual algal species. In contrast, 
Pagurus spp. and Temnopleurus toreumaticus are specialist feeders that showed 
preferences among their food choices. In general, hermit crabs and Temnopleurus 
toreumaticus preferred Ulva lactuca and avoided Sargassum glaucescens the most. These 
behaviors may be related to the adaptive abilities of each herbivore, such as adaptation 
against the chemical and structural defenses of algae. Difference in algal morphology is 
unlikely to be the cause of food selection in this laboratory experiment, since the tested 
artificial foods were in the same square shape molded by the same mold. 
The avoidance of Sargassum glaucescens may result from the presence of secondary 
metabolites in this alga. Studies on their contents and concentrations have attracted the 
interests of phycologists for some times. The metabolites are the byproduct from mixed 
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biosynthesis, and most of the compounds are terpeniods and acetate derived metabolites 
(Paul, 1992). Although the compounds exist in low concentrations (0.2% to 2 % of dry 
weight), the metabolites are significant antimicrobial, antifouling and antiherbivore agents. 
Although algae are protected by these compounds, however their production and storage 
are costly as the resources utilized can also be allocated to growth, development and 
reproduction (Hay, 1996). To minimize the cost on chemical defenses, some metabolites 
are only induced once the thalli are damaged. Some herbivores sequester the secondary 
metabolites inside their bodies or eggs for defenses. Pawlik (1993) reviewed that the 
nudibranch Spanish dancer changed slightly the structures of the secondary metabolites 
that it consumed and condensed them in its dorsal mantle and egg masses as a defense 
against predators. Only brown algae, like Sargassum spp., contain vast amounts of 
phlorotannins, which act against herbivores by decreasing their digestive efficiency (Hay, 
1988). Steinberg (1988) found the grazing of sea urchin Strongylocentrotus purpuratus to 
be inhibited by phlorotannins at 2.2% of the algal wet mass. No records were found on the 
secondary metabolites of Ulva lactuca, but it is believed to contain less or less harmful 
compounds to herbivores as indicated by their high susceptibilities to herbivores in the 
present experiment. More than 600 secondary metabolites have been isolated from algae 
and the compounds are all genus- or species-specific. Therefore, extractions of 
compounds from individual species should be done in order to find the deterrents to 
herbivores. 
Digestive capabilities, detoxification abilities and the effects of recent-past history on 
diets and preferences could be the factors affecting the feeding efficiency and choices of 
herbivores (Lubchenco and Gaines, 1981). However, mechanisms governing individual 
species are not known and have not been investigated. It is believed that in the 
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evolutionary process of the herbivores, bacteria and enzymes involved in digestion played 
very important role (Lubchenco and Gaines, 1981). 
Temnopleurus toreumaticus consumed almost half of the artificial foods made of Padina 
australis and Ulva lactuca. This was significantly more than that by Euplica scripta and 
hermit crab. The results were not surprising as Temnopleurus toreumaticus is relatively 
larger in size (54.1 土 4.5 m m ) when compared with Euplica scripta (11.0 士 0.9 m m ) and 
Pagurus spp. (20.6 土 2.2 mm). The amount of foods required must be greater than that by 
the small herbivores. When the analysis was conducted on a per body weight basis, there 
were no significant differences in the total amount of the four selected algal species 
consumed between Euplica scripta, Pagurus spp. and Temnopleurus toreumaticus. 
Euplica scripta and Pagurus spp. were regarded as mesoherbivores. Their grazing effects 
were too little to bring any long-term damages to the plants (Hay, 1997). Damages 
generated by Euplica scripta and Pagurus spp. were likely to be minor and sometimes 
unaccountable. 
No significant differences were found in the amount of the artificial food consumed by 
various densities of herbivores in most of the comparisons although there was observable 
decline, indicating that the foods provided were sufficient and the competition for 
resources were not serious in these situations. In contrast, significant differences were 
found in the consumption of Sargassum glaucescens and Ulva lactuca by Euplica scripta 
and that of Hypnea charoides, Sargassum glaucescens and Ulva lactuca by Pagurus spp., 
indicating that Euplica scripta and Pagurus spp. were competing for these algae. 
Competitions occurred in feeding on Sargassum glaucescens, but it was the least preferred 
algal species. This was likely because the starved Euplica scripta and Pagurus spp. had 
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no choice on the algal species in the artificial experiment. Hence, they could only feed on 
Sargassum glaucescens even though it was not the most favorable one. 
In summary, competitions for algae were found in the consumption of Ulva lactuca and 
Sargassum glaucescens by Euplica scripta, as well as that of Hypnea charoides, 
Sargassum glaucescens and Ulva lactuca by Pagurus spp.. The feeding efficiency of 
Euplica scripta on the four selected algal species were similar, implying that this 
herbivore is a generalist feeder which feeds on a variety of foods and could be commonly 
found in the general survey and the manipulative experiments (Chapters 2 and 3). 
However, Temnopleurus toreumaticus and Pagurus spp. had different preferences on algal 
species. In general, Ulva lactuca was the most preferred and Sargassum glaucescens was 
the least. Temnopleurus toreumaticus consumed the greatest amounts of artificial food 
when comparing with the other two herbivores, as they are relatively greater in size and 
hence, their demands on foods. Thus, the role of Temnopleurus toreumaticus in affecting 
the structure of algal community assemblage is significant, as evident from the results of 
the manipulative experiment (Chapter 3). 
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Table 4.1 Results of Kruskal-Wallis tests comparing the mean total consumptions of 
artificial food by different densities of herbivores. The densities of Euplica scripta and 
Pagurus spp. were 1，4, 8, 16 individuals/100cm2. Those for Temnopleurus toreumaticus • • • 0 were 1 and 2 individuals/100cm . 
Temnopleurus 
Euplica scripta Pagurus spp. toreumaticus 
Hypnea charoides 1.253 2.685* 0.429 
Padina australis 1.051 1.045 0.048 
Sargassum glaucescens 8.077* 3.857* 0.429 
Ulva lactuca 4.235* 2.152* 0.478 
*p<0.05 
Table 4.2 Results of Kruskal-Wallis tests comparing the feeding efficiency of Euplica 
scripta, Pagurus spp. and Temnopleurus toreumaticus on artificial foods made up of 
different algal species: Hypnea charoides, Padina australis, Sargassum glaucescens and 
Ulva lactuca. 
Chi-Square Ranks 
Euplica scripta 4.231 
Ulva lactuca > Hypnea charoides = 
Pagurus spp. Padina australis > Sargassum glaucescens 
了* Ulva lactuca = Padina australis > 




Table 4.3 Results of Kruskal-Wallis tests comparing the mean total consumptions of 
artificial foods made up of different algal species: Hypnea charoides, Padina australis, 
Sargassum glaucescens and Ulva lactuca by Euplica scripta, Pagurus spp. and 
Temnopleurus toreumaticus. 
Chi-Square Ranks 
Hypnea charoides 4.701 
Temnopleurus toreumaticus > Euplica scripta = 
Padina australis 5.600* 
Pagurus spp. 
Sargassum glaucescens 5.422 
Temnopleurus toreumaticus > Euplica scripta = 
Ulva lactuca 7.200* ^ 
Pagurus spp. 
*p<0.05 
Table 4.4 Results of Kruskal-Wallis tests comparing the mean total consumptions per 
body weight of herbivore of artificial foods made up of different algal species: Hypnea 
charoides, Padina australis, Sargassum glaucescens and Ulva lactuca by Euplica scripta, 
Pagurus spp. and Temnopleurus toreumaticus. 
Chi-Square 
Hypnea charoides 1.867 
Padina australis 5.956 
Sargassum glaucescens 5.422 
Ulva lactuca 5.422 
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(a) Euplica scripta 
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(b) Pagurus spp. 
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Fig. 4.1 (a) Euplica scripta and (b) Pagurus spp. feeding on artificial food made of 
Padina australis in the experiment. 
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(a) At the beginning 
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Fig. 4.2 Temnopleurus toreumaticus feeding on artificial food made of Padina australis in 
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Padina australis Hypnea charoides Sargassum glaucescens Ulva lactuca 
Fig. 4.3 The mean total consumptions (g/individual 土 SD) of artificial foods made of 
Padina australis, Hypnea charoides, Sargassum glaucescens and Ulva lactuca by 1, 4, 8 
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Padina australis Hypnea charoides Sargassum glaucescens Ulva lactuca 
Fig. 4.4 The mean total consumptions (g/individual 土 SD) of artificial foods made of 
Padina australis, Hypnea charoides, Sargassum glaucescens and Ulva lactuca by 1, 4, 8 
and 16 individuals of Pagurus spp. in one day (n=3). 
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Padina australis Hypnea charoides Sargassum glaucescens Ulva lactuca 
Fig. 4.5 The mean total consumptions (g/individual 土 SD) of artificial foods made of 
Padina australis, Hypnea charoides, Sargassum glaucescens and Ulva lactuca by 1 and 2 




Summary and Conclusion 
The relationships between algae and herbivores have been widely studied over the last 
several decades. Such relationships change with the variations in physical and biological 
factors. Herbivory, that is the feeding of marine animals on algae, is one of the biological 
factors that have attracted the attention of marine ecologists. Owing to the importance of 
herbivory in regulating algal dynamics, but a lack of such information on Hong Kong 
subtidal algal community, a research on the role of herbivory in Hong Kong subtidal algal 
community was undertaken. 
Turf algae were the most dominant algae on the subtidal rock surface in Tung Ping Chau. 
Results from both the general surveys and the manipulative experiments indicated that 
they contributed the most to the dynamic changes in subtidal algal community. Their 
ability for swift vegetative propagation allows them to compete for space and to resist 
disturbance successfully. Due to their dominance, turf algae had been excluded in some of 
the analyses in order to reveal the dynamics of other large benthic algae more effectively. 
The brown alga Lobophora variegata was the second most dominant algal species, 
particularly in A Ye Wan and A Man Wan. Similar to turf algae, this alga appeared all year 
round in the present study. Its ability to have vegetative growth, tolerance against heat 
stress, thick surface and the presence of secondary metabolites against grazing pressure 
contributed to its success. As such, Lobophora variegata was the competitively superior 
algal species that could negatively affect the colonization of the less competitive algae. 
Abundance and compositions of algae and herbivores varied spatially as revealed in the 
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M D S plots on data obtained from the general monthly surveys and the manipulative 
experiments. In the general surveys, the algal and herbivore compositions and diversities 
in Lung Lok Shui were found to differ from those of the other two sites, A Ye Wan and A 
M a Wan. This may be due to the differences in the wave exposure conditions among these 
sites resulting in less severe coral-algal competition in Lung Lok Shui. Fast moving water 
can reduce the diffusion boundary layer over the thallus surface and OH" accumulation in 
the water mass, which can eventually facilitate inorganic carbon and nutrient uptakes into 
the algae. These could increase the growth rate of algae and hence, larger algae like 
Sargassum spp., Lobophora variegata and Padina spp. could survive and higher 
percentage cover of algae (excluding turf) could be recorded in Lung Lok Shui. More 
bare rock surfaces were available in Lung Lok Shui because of less severe coral-algal 
competition. As a consequence, algae can colonize these rock surfaces more easily and 
their distribution could be extended to a deeper region with marked zonations. In contrast, 
algae in A M a Wan and A Ye Wan were relatively small in size. These sites were 
dominated by turf algae and their growth was limited to shallow rock surfaces. The 
deeper regions of these two sites were dominated by corals. 
The dominant herbivores in Lung Lok Shui, Anthocidaris crassispina and Chlorostoma 
rustica, generally have more effective tube feet or larger foot for adhesion under strong 
water motion. The densities of herbivores in both A Ye Wan (0.94 individual/100cm ) and 
Lung Lok Shui (0.81 individual/100cm ) were high as algae in these two sites provided 
sufficient food sources and refuges for these herbivores. 
The results from the general survey and the control treatments of the manipulative 
experiments in A Ye Wan indicated that algal dynamics differed within this site between 
distances of less than 50m apart. Spatial variations in algal population structures were 
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also observed at the scale of five meters between plots of the same treatment and set-up in 
the manipulative experiment. Such differences might arise from the limited dispersal 
distance of algal propagules. 
The four treatments (control, clearing control, partial and complete cage treatments) in the 
manipulative experiments to assess the role of herbivores in algal succession exhibited 
different algal and herbivore dynamics. Different combinations of clearing and caging 
factors were involved. Due to the differences in the competitiveness of algae and the 
stages of succession being experienced in each plot, the results from A N O S I M indicated 
that the compositions of algae between the control and the clearing plots (clearing control 
and partial cage treatments) were not the same over time. Lobophora variegata was the 
most dominant algal species on the rocky surface in A Ye Wan, suggesting that it was the 
most competitively superior species among the others that appear in the later stages of 
succession. Clearing Lobophora variegata from the plots (clearing plots) removed the 
competitively superior species and provided bare space for the competitively less superior 
algal species like Padina australis, Sargassum spp. and Hypnea charoides to colonize. In 
addition, the smooth thallus of Lobophora variegata was not a favorable substratum for 
the epiphytic algae to colonize. Hence, a greater diversity of algal species could be found 
in the clearing treatment plots, but Lobophora variegata was only found in the controls. 
Densities of herbivores between the control and clearing treatments were not significantly 
different. They were dominated by Euplica scripta, Cerithidea spp. and hermit crabs. 
By comparing between the three clearing treatments (clearing control, partial cage and 
complete cage), the importance of caging on algal and herbivore dynamics was studied. 
The complete cage treatment excluded marcograzers from the plots and the partial cage 
235 
Chapter 5 
treatment was the cage control to evaluate for any caging artifacts. Potential caging 
artifacts, including blockage of water movement and light, were unlikely to affect algal 
succession. This was indicated by the lack of significant differences in the percentage 
cover of algae among treatment plots based on Kruskal-Wallis tests. However, since small 
mesh size could limit the water movement into the cages, the mesh size, could not be too 
small. The mesh selected is in the size of 1.5cm x 1.5 cm, which is sufficient for the small 
herbivores to intrude. The intrusions of small herbivores, e.g. Euplica scripta and hermit 
crabs, were unlikely to play significant roles in structuring algal assemblages as these 
herbivores did not consume significant amount of algae. This latter observation was 
supported by the results in the artificial food experiment in the present study. Euplica 
scripta and hermit crab are regarded as mesoherbivores. Their grazing effects are too little 
to bring any long-term damages to the algae (Hay, 1997). So, although cages used in the 
manipulative experiment allowed intrusion of small herbivores into the experimental plots, 
such intrusions would not have much effect on the algal dynamics. 
In the absence of large herbivores, the complete cage treatments generally did offer better 
conditions for the overall growth of algae as evidenced from the greater abundance of 
algae in the complete cage treatment plots than in the clearing control and partial cage 
treatments. Erect algal species Padina australis, Laurencia jejuna, Sargassum spp. and 
Hypnea chariodes in the Spring 03 set-up, as well as Hypnea chariodes in the Autumn 03 
set-up, occurred as dense stands in the complete cage treatment only. The contrasts on the 
algal percentage cover between the complete cage treatment and the other two clearing 
treatments became more obvious at the latter stage of the monitoring period. The 
succession of algae in the complete cage treatment was more complicated than that in the 
other treatments, in which more than one algal species survived in the plot at a particular 
succession stage. In addition, algae recruited more rapidly in the complete cage 
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treatments of the Spring 03 and Winter 03 set-ups. 
No spatial variations in herbivore densities among the three clearing treatments were 
found, as the dominant herbivore species were small in size and could intrude into the 
plots. The cage of complete cage treatments could effectively exclude large herbivores, 
like Temnopleurus toremativus, Tectus pyramis and Cyraea arabica that were recorded in 
the non-complete cage treatments. The sea urchin Temnopleurus toreumaticus consumed 
far more artificial foods of common algae than the gastropod Euplica scripta and the 
hermit crabs Pagurus spp. in the artificial food experiment. Bare space was noticed in 
some of the clearing control and partial cage treatments with the presence of 
Temnopleurus toreumaticus, implying that sea urchin could create bare space for algal 
recolonization. Thus, it was important to exclude large herbivores like Temnopleurus 
toreumaticus from the manipulative experiment as they are likely to play a more 
important role in structuring algal assemblages. 
The dynamics of algae and herbivores in the subtidal region appear to be rather different 
from those observed in the intertidal region. Crustose coralline algae and turf algae are 
respectively the most dominant algal groups in the intertidal and subtidal regions in Hong 
Kong (Williams, 1993; Wai, 2004). Euplica scripta and hermit crabs were the dominant 
herbivorous species in the present study, but limpets and neritiids are usually the most 
abundant herbivores in the intertidal regions (Williams et al., 2000; Hutchison and 
Williams, 2003). During summer in Hong Kong, bleaching of intertidal algae always 
occurs because of their exposure to air during summer low tide (Williams, 1993; 
Nutchinson and Williams, 2003; Wai, 2004). Such phenomenon is seldom observed in the 
subtidal regions. Besides, availability of algal propagules is more important than 
herbivory in affecting algal reproduction and recruitment in both intertidal and subtidal 
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regions (Williams et al., 2000; Wai, 2004). 
When compared with those reported in other studies, algal distributions in Hong Kong are 
mostly restricted to shallow water regions. This may be due to the turbid condition of 
seawater in Hong Kong which limits the penetration of light into deeper region. Similar to 
that found in temperate regions (John and Lawson, 1990)，the major herbivores recorded 
in Hong Kong subtidal algal communities are mollusks and sea urchins. There are also 
obvious seasonal variations in algal population dynamics. The interactions between algae 
and herbivores are controlled by a combination of biological and physical factors which 
are also common in other study sites (Sousa & Connell 1992). 
On top of the spatial variations, dynamics of algae and herbivores also changed 
temporally. The results of the general surveys in the present study showed that autumn 
and winter were the most favorable growing seasons for algae. Algae remaining alive in 
summer were mostly ephemeral species that were well adapted to the adverse summer 
conditions, like turf algae, Lobophora variegata and coralline algae. This might be 
because dominant algae in winter could start their growth in winter by using the stored 
carbon from summer and grow more swiftly with the maximum net gain of 
photosynthesis under low respiration rate. Also, the reduction of algal percentage cover in 
summer could have resulted from typhoon disturbances, especially in the most exposed 
site like Lung Lok Shui, where tearing force of the storm removed significant quantity of 
algal biomass. Many algae also experienced summer die back. January to May 03 could 
be considered as the first cycle of algal growth showing increase in algal richness and 
diversity, while the second cycle started about half a year later in November 03. However, 
the growing seasons of algae were not the same between years. Such differences could 
have resulted from the variations in reproductive seasonality, i.e. the receptacles of 
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Sargussum spp. appeared at different times between years, which in turn was affected by 
changes in the environmental conditions. 
Temporal variations were also found in the manipulative experiment and succession of 
perennial algae occurred only when the plots were cleared during the reproductive season 
of these perennial algae. Padina australis and Lobophora variegata in the Autumn 02 
set-up, as well as Colpomenia sinuosa and Padina australis in the Winter 03 set-up were 
the last colonizers within the sampling periods. Differences in the types of late colonizers 
were a result of a combined interaction between clearing time and the presence of algal 
propagules. 
Higher densities and more species of herbivores were found in spring to summer in the 
general surveys and the manipulative experiments. This pattern may simply be related to 
the reproductive cycles of these herbivores. However, information about the reproductive 
cycles of these herbivores is not available at present. 
Inconsistent patterns of algal and herbivores interactions were found among the plots in 
the three study sites during the general surveys and among the set-ups of the manipulative 
experiments. These inconsistencies may arise because of many compounding factors, like 
different responses of algae and herbivores to environmental stress, differences in the 
morphology or toughness of algal thallus, presence of secondary metabolites in these 
algae, and differences in the mouth part, digestive systems, mobility, sensation cues and 
tolerance to secondary metabolites of the herbivores. More importantly, the localized 
effects on algal and herbivore abundance, compositions and growth patterns complicated 
the relationships between algae and herbivores. The overall algal-herbivore relationships 
were shown by the Pearson correlation analyses between the percentage cover of algae 
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and the density of herbivores with different time lags. Time lag adjustment was adopted 
in the correlation analyses of the present study as it takes time for cause and effect 
relation between algae and herbivores to become visible. Algal herbivore relationship is 
comparable to the Lotka-Volterra prey-predator model where the food resources and 
refuge provided by algae (prey) could sufficiently build up the herbivore population 
(predator). On the other hand, grazing by the herbivores could reduce the algal biomass, 
hence reducing their percentage cover. The presence of time lag may also suggest that the 
effects are more indirect as it takes time for the effect to be exhibited. Significant positive 
correlations between the abundances of non-turf algae and herbivores were detected in A 
M a Wan with a time lag of two to three months. In addition, in the manipulative 
experiment, only positive relationships were found between the abundance of algae and 
herbivores with or without time lags. These indicated that algae could affect the density of 
herbivores by providing refuges, food sources or nursery grounds. Algae allowed 
herbivores to stay underneath the thallus as protections against predation, heat, 
desiccation and wave exposure stresses. On the other hand, herbivores could also control 
the abundance of algae by enhancing the propagules dispersal and removing the 
propagules or thalli of the competitively superior algae. In contrast, in A Ye Wan, 
significant negative correlations were detected between the abundance of non-turf algae 
and herbivores with a time lag of one month. The deterrents produced from algal thallus 
could have reduced the abundance of herbivores. 
The specific relationships between algal and herbivore species were revealed by the 
canonical correlation analysis. Significant canonical correlations between algae and 
herbivores were displayed only in A M a Wan and Lung Lok Shui. Summarizing the 
results of canonical correlation analyses in A M a Wan and Lung Lok Shui, Lobophora 
variegata was the food always avoided by herbivores and Padina australis and Padina 
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arborescens were the refuges favored by most herbivores. 
The food preferences and feeding efficiencies of common herbivore species were 
investigated in the artificial food experiment in the present study. The feeding efficiency 
of Euplica scripta on the four selected algal species were similar, implying that this 
herbivore is a generalist feeder which feeds on a variety of foods commonly found in the 
study sites. Ulva lactuca was most preferred and Sargassum glaucescens was least 
preferred by Temnopleurus toreumaticus and hermit crabs. The specific relationships 
between algae and herbivores shown in the artificial food experiment were not the same 
as those revealed by the canonical correlation analyses. This is not surprising as in the 
artificial food experiments, the algae were tested only as a specific type of food. The other 
functional roles of algae, e.g. as refuges and nursery grounds for herbivore species, were 
not evaluated. 
Even though the approaches undertaken in the present study have been widely used for 
the investigations of algae and herbivore interactions, some improvements could still be 
introduced in future studies. Due to the complexity of the population structures of algae 
and herbivores, the specific relationships between individual species can be investigated 
in the laboratory or preferably in situ. Besides testing for food preference of individual 
herbivore species, the contents of secondary metabolites in each algal species as well as 
the ability of the algae in their different morphological forms to be used as a refuge by the 
herbivores can be further evaluated. Furthermore, the caging methodologies for excluding 
subtidal mesograzers can be explored. Caging artifacts are far more obvious in the 
subtidal set up than in the intertidal set up. Herbivores are able to climb up the cage freely 
in subtidal set up, a phenomenon that is less likely to happen in the intertidal set up. The 
abundance of algae was measured in terms of percentage cover in the percent study. The 
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abundance may be better represented if the biomass or the height and circumference of 
the individual algae could also be considered. Furthermore, a more comprehensive study 
on the diversity of subtidal herbivores should be conducted, as this basic information is 
lacking especially in areas like Hong Kong. 
To summarize the findings from the present study, the dominant herbivores, mainly 
mesograzers, are unlikely to affect the population structures of algae in the subtidal region 
in Tung Ping Chau, Hong Kong. Instead, the structure of the algal assemblages was more 
likely to be influenced by the availability of algal propagules in each season and locality. 
This study is the first research investigating the subtidal algal and herbivore relationships 
in Hong Kong. The basic information obtained will be useful in providing better 
understanding of algal herbivore interactions. It is important to have a long term and 
specific study on different aspects of algal and herbivore dynamics as temporal and 
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